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To  GOVERNOR  JUDSON  HARMON.- 

Dear  Sir: — I  transmit  herewith  Bulletin  15  of  the  Geological  Sur- 
vey, entitled  "The  Devonian  and  Mississippian  Formations  of  North- 
eastern Ohio,"  by  Professor  Charles  S.  Prosser.  This  bulletin  deals 
with  a  part  of  our  State  that  has  hitherto  received  but  little  attention 
from  the  Survey,  though  it  is  one  of  much  importance.  The  bulletin 
represents  a  large  amount  of  work,  the  field  part  of  which  was  done 
during  summer  vacations  extending  over  more  than  ten  years. 

The  quality  of  Professor  Prosser's  work  needs  no  praise  from  my 
pen,  and  I  am  confident  that  the  bulletin  will  be  cordially  received  by 
geologists  in  Ohio  and  elsewhere. 

Respectfully  submitted, 

J.  A.  BOWNOCKER, 

Slate  Geologist. 
April  1,  1912. 
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DR.  JOHN  A.  BOWNOCKER,  State  Geologist: 

Dear  Sir: — I  herewith  transmit  the  manuscript  for  a  Bulletin  on 
the  stratigraphic  geology  of  a  part  of  this  State  entitled  "The  Devonian 
and  Mississippian  Formations  of  Northeastern  Ohio."  The  collection 
of  data  for  this  report  and  others  relating  to  the  stratigraphy  of  Ohio 
began  in  1901  under  Professor  Edward  Orton,  Jr.,  then  State  Geo- 
logist, and  since  1907  has  been  continued  under  your  administration. 
In  the  field  work  the  writer  has  been  assisted  by  several  students  of 
Ohio  State  University,  the  names  of  whom  are  given  in  the  introduction. 
It  is  regretted  that  the  completion  of  this  report  has  been  greatly  de- 
layed by  other  duties.  The  material  is  partly  in  hand  for  farther  re- 
ports of  this  character  and  it  is  hoped  that  this  may  be  the  first  one  of 
a  series  of  bulletins,  by  the  writer,  devoted  to  the  stratigraphy  of  Ohio. 

With  assurances  of  my  high  appreciation  of  your  cordial  support 
of  the  continuation  of  this  line  of  geologic  investigation,  I  remain, 

Respectfully  yours, 

CHARLES  S.  PROSSER. 

Ohio  State  University,  Columbus,  March  30,  1912. 
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INTRODUCTION 

Since  1901  the  writer  has  devoted  considerable  time  to  the  study 
of  the  strati graphy,  classification  and  correlation  of  the  Devonian  and 
Carboniferous  formations  of  northern  and  central  Ohio.  The  larger 
number  of  these  formations  were  first  described  from  exposures  occur- 
ring in  Cuyahoga  County,  hence  this  county  has  become  a  classic  one 
for  the  study  of  these  rocks  in  Ohio.  For  this  reason  a  number  of 
sections  in  Cuyahoga  County  and  the  adjoining  county  of  Summit 
on  the  south,  are  described,  and  then  this  belt  of  formations  is  followed 
eastward  to  Pennsylvania,  noting  certain  changes  in  that  distance  and 
their  general  equivalence  with  the  formations  of  northwestern  Pennsyl- 
vania as  described  by  that  State  Survey.  After  this  is  accomplished 
the  bulletin  will  return  to  Cuyahoga  County  and  follow  the  formations 
along  the  line  of  strike  for  some  distance  to  the  southwestward. 

It  was  the  intention  after  the  strike  changes  to  southerly  to  follow 
these  formations  to  central  Ohio,  describing  them  in  a  similar  way  and 
noting  the  changes;  but  at  present  all  of  this  territory  has  not  been 
fully  studied  in  the  field  and  it  seems  advisable  to  present  that  part  of 
the  work  which  is  essentially  complete  without  waiting  for  further  field 
work  on  another  part  of  the  area  under  consideration.  Neither  has  it 
been  possible  to  make  a  complete  study  of  the  fossils  for  this  report; 
consequently  only  a  few  of  the  very  common  or  most  characteristic 
species  are  mentioned.  In  a  future  report  it  is  hoped  to  give  a  much 
more  complete  account  of  the  paleontology  of  these  formations. 

This  work  was  begun  under  the  administration  of  Professor  Edward 
Orton,  Jr.,  as  State  Geologist,  and  has  been  continued  under  that  of  his 
successor,  Dr.  John  A.  Bownocker.  Other  investigations,  and  the 
urgent  demands  of  university  work,  have  left  the  writer  far  too  little 
time  for  field  work  and  the  preparation  of  this  report;  but  it  is  believed 
the  matter  here  presented  will  add  something  to  the  exact  knowledge 
of  the  stratigraphy  of  the  Devonian  and  Carboniferous  formations  of 
northeastern  Ohio.  It  is  thought  that  this  new  and  more  detailed  in- 
formation will  be  of  use  not  only  to  the  geologist  interested  in  the  systems 
under  discussion  or  the  geology  of  northeastern  Ohio,  but  also  to  the 
business  man  who  may  desire  information  concerning  the  geological 
formations  and  structure  of  that  portion  of  Ohio  herein  discussed. 

The  author's  acknowledgments  are  due  Professors  Edward  Orton, 
Jr.,  and  John  A.  Bownocker,  who  as  State  Geologists  have,  by  their  official 
support  and  interest,  made  the  preparation  of  this  bulletin  possible. 
This  has  included  in  addition  to  field  work  some  assistance  in  visiting 
several  large  museums  where  are  to  be  found  the  type  specimens  of 
various  characteristic  fossils.  Some  of  the  results  of  this  study  are  in- 

(11) 


12  DEVONIAN  AND  MISSISSIPPIAN 

eluded  in  this  report,  although  the  descriptions  and  comparisons  of  the 
fossils  are  not  here  fully  presented.  In  the  field  at  various  times  Messrs. 
Charles  H.  Flory,  John  A.  Wilkinson,  William  C.  Morse  and  Clyde  R, 
Miller  have  assisted  greatly  in  the  careful  measurement  of  many  of  the 
sections  and  in  other  ways  which  are  hereby  gratefully  acknowledged. 
The  index  has  been  prepared  by  Miss  Gertrude  S.  Kellicott. 


CHAPTER  I 
THE  CUYAHOGA  VALLEY 

From  Cuyahoga  Falls  the  Cuyahoga  River,  flowing  in  a  general 
northwesterly  direction  across  the  central  portions  of  Summit  and 
Cuyahoga  counties,  has  excavated  a  valley  of  considerable  depth.  At 
Cuyahoga  Falls  the  banks  are  high  and  precipitous,  below  which  it 
enters  a  pre-glacial  valley  and  for  many  miles  down  this  valley  the  river 
is  bordered  by  fairly  steep  hills  with  occasional  cliffs.  Many  of  its 
tributaries  have  cut  comparatively  narrow  valleys  or  gorges  through 
these  bordering  hills  in  which  the  rocks  are  well  shown.  On  account  of 
these  favorable  conditions  for  study  a  number  of  sections  will  be  de- 
scribed on  the  Cuyahoga  River  and  its  tributaries  from  the  Lake  Shore 
to  Cuyahoga  Falls. 

Lake  Erie  Bluff  West  of  Edgewater  Park.— The  shore  of  Lake 
Erie  for  some  miles  to  the  northeast  of  the  mouth  of  the  Cuyahoga 
River  is  bordered  by  Pleistocene  deposits.  Opposite  Cleveland  the 
lower  60  feet  of  the  bluffs  was  referred  by  Dr.  Newberry  to  the  Erie 
clay  which  he  described  as  "a  fine,  homogeneous,  stratified,  blue,  sandy 
clay,  without  fossils  so  far  as  has  been  observed,  and  with  no  pebbles 
or  boulders."1  Superjacent  to  the  Erie  clay  is  a  deposit  of  from  "25  to 
50  feet  of  sand,  gravel  and  clay,  mostly  coarse  and  porous  material,  dif- 
fering greatly  in  appearance  from  the  underlying  bed"  which  Dr.  New- 
berry  termed  the  Delta  sand  and  stated  that  it  "is  intimately  associated 
with  the  lake  ridges  and  belongs  to  the  same  geological  period."2  In 
addition  "Lake  Ridges"  were  described  by  Dr.  Newberry;  the  lowest 
and  most  northerly  one,  about  100  feet  above  the  level  of  Lake  Erie, 
was  stated  to  be  clearly  marked  in  its  course  across  the  city  and 
for  many  miles  to  the  east  and  west  of  Cleveland.  This  is  evidently 
the  one  which  later  was  mapped  by  Professors  Newberry  and  A.  A. 
Wright  as  the  "North  Ridge"3  and  what  Mr.  Leverett  has  recently 
described  as  the  beach  of  Lake  Warren  which  "leads  into  Cleveland 
from  the  west  along  or  near  Detroit  street,  and  after  crossing  the  Cuya- 
hoga River  lies  near  Euclid  avenue  to  the  east  edge  of  the  city."4  This 
is  obviously  the  beach  described  by  Mr.  Warren  Upham  under  the  name 

'Geo.  Surv.  Ohio,  Vol.  I,  1873,  p.  175. 
2Ibid.,  p.  177. 

3Ibid,  Vol.  II,  1874,  "Map  of  Lake  Ridges  in  Lorain  and  Cuyahoga  counties," 
op.  p.  58. 

4Mon.  U.  S.  Geol.  Survey,  Vol.  XLI,  1902,  p.  764. 
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of  the  "Fourth  or  Euclid  Avenue  beach,"  which  he  gave  as  "passing 
through  the  city  of  Cleveland,  nearly  along  the  course  of  Detroit  street 
and  Euclid  avenue."1 

Apparently  Mr.  Leverett  would  refer  most  of  the  Pleistocene  de- 
posit in  the  vicinity  of  Cleveland  to  the  glacial  lakes,  their  beaches, 
the  sand  and  gravel  delta  of  the  Cuyahoga  and  the  Wisconsin  drift 
with  its  moraines.  The  above  explanation  of  the  origin  of  these  de- 
posits is  also  in  general  harmony  with  that  of  Professor  H.  P.  Gushing, 
of  Western  Reserve  University.2  Recently,  "the  raised  beaches  of 
the  Berea,  Cleveland  and  Euclid  sheets,  Ohio,"  have  been  minutely  de- 
scribed by  Professor  Frank  Carney,  particularly  those  marking  the 
levels  of  Lakes  Maumee,  Whittlesey  and  Warren.3 

To  the  west  of  the  Cuyahoga  River  a  considerable  portion  of  the 
lake  shore  is  marked  by  cliffs  of  Paleozoic  shales,  which  are  the  oldest 
rocks  exposed  on  the  surface  in  the  vicinity  of  Cleveland.  A  favorable 
locality  for  studying  an  outcrop  of  these  shales,  which  may  readily  be 
reached  from  the  business  center  of  Cleveland,  is  the  bluff  of  Lake  Erie 
just  west  of  Edgewater  Park  and  to  the  north  of  Lake  Avenue.  At  one 
point  the  cliff,  which  is  36  feet  high,  is  composed  mainly  of  bluish  argilla- 
ceous shales,  although  to  a  considerable  extent  they  are  slightly  sandy, 
and  part  of  them  are  rather  greenish  in  color.  At  intervals  more  or 
less  concretionary,  slightly  calcareous  layers  occur  and  there  are  others 
which  are  mainly  clay-iron  in  composition,  weathering  to  a  rusty  color. 
The  latter,  broken  up  on  the  lake  beach  and  worn  to  a  more  or  less  lentic- 
ular shape,  occur  in  large  numbers.  In  general  these  shales  are  com- 
paratively soft,  and  excellent  examples  of  erosion  with  the  formation 
of  projecting  headlands  are  shown.  One  of  these  headlands  giving  the 
general  appearance  of  the  cliffs  is  well  shown  in  Plate  I,  which  is  a  view 
of  the  cliff  a  short  distance  west  of  Edgewater  Park.  The  projecting 
lines  on  the  cliff  indicate  the  thin,  harder  layers,  while  the  beach  shows 
abundant  specimens  of  these  layers  broken  up  by  the  waves  and  mixed 
with  the  more  or  less  lenticular  clay-iron  concretions.  In  the  distance 
to  the  east  is  seen  the  lower  part  of  the  city  of  Cleveland.  From  this 
locality  for  three  miles  westward  to  the  mouth  of  Rocky  River  these 
strata  form  the  cliffs  of  Lake  Erie,  and  at  many  places  they  may  be  ad- 
vantageously studied.  These  rocks  are  comparatively  unfossiliferous 
and  at  this  locality  no  fossils  were  found. 

The  strata  composing  these  cliffs  were  named  "the  Erie  shale"  by 
Dr.  Newberry  in  1870,4  who  later  stated  that  to  this  formation  he  gave 
"the  name  of  Erie  shale,  because  it  forms  the  shore  of  Lake  Erie  nearly 
all  the  way  from  the  mouth  of  the  Vermilion  to  Dunkirk."5  On  account 


.  Geol.  Soc.  America,  Vol.  7,  March,  1896,  p.  343. 
2In  Brigham's  Suggestions  to  Teachers  designed  to  accompany  a  Text-Book  of 
Geology,  1901,  pp.  63,  64. 

3Proc.  Ohio  State  Acad.  Science,  Vol.  V,  pt,  4,  1909,  pp,  225-253. 
4Geol.  Surv.  Ohio,Rept.  Prog,  in  1869  (1870),  pt.  1,  p.  20. 
5Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  190. 


GEOLOGICAL  SURVEY  OF  OHIO.  15 

of  the  admirable  exposures  of  these  shales  at  hundreds  of  localities  in 
the  cliffs  bordering  Lake  Erie  this  was  a  most  appropriate  name;  but 
unfortunately  it  was  preoccupied.  Vanuxem  in  1842  named  one  of  the 
divisions  of  the  New  York  system  the  "Erie,"  which  was  composed  of 
the  formations  ranging  from  the  Marcellus  shale  to  the  Chemung  in- 
clusive,1 and  this  term  was  revived  with  a  restricted  meaning  by  Dr. 
John  M.  Clarke  and  Professor  Schuchert  in  1899,  when  they  applied 
the  term  Erian  to  the  New  York  series  composed  of  the  Marcellus  shale 
and  the  Hamilton  beds.2  In  the  note  regarding  Erian  they  made  the 
following  explanation  concerning  the  origin  of  the  term:  "The  'Erie  di- 
vision' comprised  the  formations  from  the  top  of  the  Onondaga  lime- 
stone to  the  top  of  the  Chemung.  We  propose  to  save  the  term  to  the 
New  York  nomenclature  by  reviving  it  with  a  restricted  meaning."3 
In  the  second  place  the  term  Erie  was  again  preoccupied  before  its  use 
by  Newberry,  because  Logan  in  1863  named  one  of  the  Quaternary 
formations  of  Ontario  the  "Erie  clay."4  Finally,  the  name  "Girard 
shale"  was  applied  by  Dr.  I.  C.  White  in  1881  to  a  mass  of  Devonian 
shales  in  Erie  County  in  northwestern  Pennsylvania;5  but  as  these  shales 
are  only  equivalent  to  a  portion  of  Newberry's  Erie  shale  the  term  could 
not  be  used  for  the  Ohio  formation.  For  the  above  reasons  the  writer 
in  1903  proposed  for  this  mass  of  argillaceous  and  arenaceous  shales  with 
calcareous  and  iron-bearing  layers  or  concretions,  and  thin  sandstones, 
the  name  Chagrin  formation  on  account  of  the  excellent  exposures  on  the 
banks  of  this  river  extending  from  Willoughby  nearly  to  Pleasant  Valley.8 
The  Chagrin  River  enters  Lake  Erie  about  nineteen  miles  northeast 
of  the  Cuyahoga  and,  with  perhaps  the  exception  of  the  cliffs  on  the 
shore  of  Lake  Erie,  there  are  probably  no  finer  outcrops  of  the  forma- 
tion to  be  found  than  those  forming  its  steep  banks.  Later,  in  its  appro- 
priate place,  the  outcrops  of  the  Chargin  River  will  be  described  in  detail. 

Dr.  Newberry's  best  description  of  the  Erie  shale  (Chagrin  for- 
mation) was  published  in  1873,  in  which  he  divided  the  exposures  in 
the  vicinity  of  Cleveland  into  two  beds  or  groups.  The  most  character- 
istic part  of  his  description  is  as  follows: 

"The  prevailing  lithological  character  of  this  deposit  is  very  well 
shown  in  the  sections  of  the  cliff  bordering  the  Lake  in  the  vicinity  of 
Cleveland;  and  it  is  here  seen  to  consist  of  green,  gray  and  blue 
shales,  generally  very  soft  and  fine,  interstratified  with  sheets  of 
micaceous,  silvery  sandstone  from  half  an  inch  to  two  inches  in  thick- 
ness, with  flattened,  lenticular  masses  of  argillaceous  iron  ore.  *  *  * 

"West  of  Cleveland  the  Erie  shales  are  seen  to  form  two  beds  or 
groups  of  strata,  of  which  the  upper,  nearly  100  feet  in  thickness,  con- 

'Geol.  New  York,  pt.  3,  pp.  13,  170. 

"Science,  N.  S.,  Vol.  X,  Dec.  15,  pp.  876,  877. 

3Ibid.,  p.  877. 

4Geol.  Survey  Canada,  Kept.  Prog,  from  Com.  to  1863,  pp.  896,  897. 

5Second  Geol.  Surv.  Pa.,  Q4,  pp.  117,  118. 

8Jour.  Geology,  Vol.  XI,  pp.  521,  533. 
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sists  of  shales  such  as  I  have  described,  with  thin  bands  of  sandstone 
which  sometimes  are  sufficiently  thick  and  firm  to  be  used  as  flagging. 
The  lower  series  consists,  almost  exclusively  of  blue  and  green  shales, 
with  thin  strata  of  iron  ore,  the  whole  weathering  in  smooth  homogene- 
ous cliffs  of  which  the  prevailing  color  is  a  greenish  gray.  These  two 
groups  are  well  exposed  in  the  cliffs  which  form  the  lake  shore  between 
the  Cuyahoga  and  Rocky  River[s];  the  lower  beds  composing  that 
cliff  for  about  three  miles  west  of  the  Cuyahoga."1 

The  exposures  which  we  have  described  in  the  cliff  to  the  west 
of  Edgewater  Park  belong  to  the  lower  beds  of  the  above  description 
of  Newberry. 

Various  wells  have  been  drilled  for  natural  gas  in  the  northern  part 
of  Cleveland  west  of  the  Cuyahoga  River  down  to  the  Devonian  lime- 
stone. The  following  record  of  one  of  these  located  north  of  De- 
troit Street  was  furnished  the  writer  by  Mr.  S.  S.  Hulse: 

Record  of  Cleveland  Well  North  of  Detroit  Street. 

Description.  Thickness. 

Feet. 

Erie  shale  300—  350 

Light  colored  shale  at  top  which  gradually  changes  to  black 

shale  like  the  Cleveland 100—  150 

Very  light  gray  shale  which  looks  like  the  Erie 75 

Dark  colored  shale;  but  near  the  center  is  a  zone  of  from  5  to  10 

feet  of  light  colored  shale 60 

Very  dark  colored  shale,  like  the  Huron 200 

"Soapstone" 200 

Top  of  Devonian  limestone  at 1,050 —  1,100 

Newbtirg  Falls  and  Quarry.  —  Succeeding  the  Chagrin  formation 
is  a  very  bituminous,  black  and  rather  massive  shale  when  freshly  ex- 
posed, but  weathering  to  a  fissile  one,  which  is  more  or  less  favorably 
exposed  at  various  localities  in  and  about  Cleveland.  For  the  above 
reason  it  was  very  appropriately  named  the  Cleveland  shale  by  Dr. 
Newberry  in  1870;2  but  in  this  report  his  description  was  of  the  briefest 
character  consisting  simply  of  the  statement  that  it  is  a  "black  bituminous 
shale"  from  20  to  60  feet  in  thickness.  The  "Report  on  the  Geology 
of  Cuyahoga  County,"  however,  published  by  Dr.  Newberry  in  1873, 
contained  a  more  extended  account  of  the  Cleveland  shale  and  stated 
that  "this  name  has  been  given  to  the  black  bituminous  shale  found  in 
most  of  the  counties  of  the  Reserve,  from  the  Vermillion  River  to  the 
Pennsylvania  line."8 

Dr.  Newberry  considered  the  Cleveland  shale  as  of  Carboniferous 
age  and  in  the  1873  report  gave  it  as  the  basal  formation  of  the  "Waverly 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  163. 

2Geol.  Surv.  Ohio,  Kept.  Prog,  in  1869  (1870),  p.  21. 

3Geol.  Surv.  Ohio,  Vol.  I,  p.  189. 
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Group."1  It  must  be  remembered,  however,  that  Dr.  Newberry  drew 
the  line  of  separation  between  the  Carboniferous  and  Devonian  systems 
considerably  lower  than  is  the  custom  of  most  American  geologists,  so 
that  in  the  standard  New  York  section  the  Chemung  and  Catskill 
formations  of  the  upper  Devonian  were  in  the  Carboniferous.2  In  fact, 
in  Dr.  Newberry 's  article  on  the  " Circles  of  Deposition  in  American  Sedi- 
mentary Rocks,"  published  in  1874,  he  stated  that  "In  all  our  works  on 
geology  the  Portage,  Chemung  and  Catskill  formations  are  included  in 
the  Devonian  system,  but  in  my  judgment  it  would  be  better  to  con- 
sider the  Portage  sandstones — the  upper  half  of  the  Portage  group — as 
the  true  base  of  the  Carboniferous  system.  Drawing  the  line  at  this 
point,  we  find  the  Portage  and  Chemung  forming  an  indivisible  mass 
of  mechanical  sediments,  which,  both  in  fossils  and  lithological  char- 
acters, contrast  strongly  with  the  underlying  Hamilton,  and  is  evidently 
the  record  of  a  new  era  in  the  geological  history  of  the  continent.  This 
new  group  I  have  called  the  Eriej  and  I  think  it  will  be  found  to  belong, 
both  by  its  fossils  and  its  physical  relations,  rather  with  the  Carboni- 
ferous than  the  Devonian  system."3  In  Dr.  Newberry's  "Review  of 
the  Geological  Structure  of  Ohio,"  published  four  years  later,  we  find 
the  Erie  shale  given  as  the  oldest  formation  of  the  Carboniferous  system.4 
In  support  of  this  classification  Dr.  Newberry  wrote  as  follows: 

"It  is  evident  that  the  Erie  group  is  the  record  of  the  introduction 
of  a  new  geological  age;  and  that  there  are,  therefore,  reasons  for  re- 
moving it  from  the  Devonian  system,  where  it  has  hitherto  been  placed 
and  attaching  it  to  the  Carboniferous.  This  change  of  classification 
is  also  favored  by  the  character  of  the  fossils  of  the  Erie,  which  are 
generally  different  from  those  of  the  Hamilton,  and  resemble  and  prob- 
ably shade  into  those  of  the  Carboniferous  system.  Hence,  it  seems 
that  the  geological  record  would  be  best  interpreted  by  considering  the 
Erie  group  as  the  base  of  the  Carboniferous."5 

In  1880  Dr.  Orton  reported  that  the  Huron,  Erie  and  Cleveland 
shales  of  northern  Ohio  taken  together  represented  the  "great  black 
shale"  of  central  and  southern  Ohio  and  argued  that  it  ought  to  be 
left  undivided  in  the  Devonian.  He  wrote  as  follows: 

"If  the  true  interpretation  of  the  facts  is  given  in  these  statements, 
it  is  apparent  that  the  Cleveland  shale,  and  the  Erie  shale  as  well, 
makes  a  very  inconvenient  boundary  between  Devonian  and  Car- 
boniferous time.  This  boundary  would  be  found  at  an  uncertain 
depth  below  the  summit  of  the  black  shale,  and  there  would  seem  to 
be  no  possibility  of  saying  more  than  this,  that  the  bottom  of  the  black 
shale  is  Devonian  and  the  top  Carboniferous.  But  inasmuch  as  the 

'Ibid.,  p.  184. 

2Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  77. 

3Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXII,  pt.  2,  p.  192. 

4Geol.  Surv.  Ohio,  Vol.  Ill,  1878,  p.  18. 

5Ibid.,  p.  19. 

3— G.  B.  15. 
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fossils  upon  which  the  reference  of  the  Cleveland  shale  to  the  Carbon- 
iferous mainly  rests  (Geological  Survey  of  Ohio,  Vol.  II,  page  94),  do 
not  come  from  this  formation  at  all,  but  from  the  Waver  ly  black  shale 
of  southern  Ohio,  which  lies  one  hundred  and  twenty-five  feet  to  one 
hundred  and  fifty  feet  higher  in  the  scale,  it  is  to  be  hoped  that  the  great 
black  shale  will  be  left  undivided  in  the  Devonian  series.  If  there 
is  confusion  in  regard  to  the  name,  we  can  revert  to  the  old  designation, 
viz  :  Black  shale,  or  we  can  adopt  the  name  applied  to  the  formation  in 
Kentucky,  by  Professor  Shaler,  of  the  recent  geological  survey,  viz.,  Ohio 
shale.  On  the  whole,  this  last  designation  seems  most  appropriate."1 

Dr.  Newberry  did  not  change  his  opinion  concerning  the  age  of 
the  Cleveland  shale,  for  in  1889  he  still  gave  it  as  the  oldest  formation 
of  the  Waverly  group.2  In  discussing  the  age  of  the  shale  in  this  mono- 
graph Dr.  Newberry  gave  his  views  clearly  and  positively  in  the  follow- 
ing language: 

"As  a  general  rule  the  Cleveland  shale  is  very  barren  of  fossils,  many 
of  its  exposures  having  yielded  nothing  but  the  imprints  of  sea  weeds. 
Aside  from  the  great  fishes  which  are  its  characteristic  fossils,  and  which, 
being  all  new  species,  do  not  decide  this  question,  we  have  not  a  great 
array  of  evidence.  In  the  excellent  exposures  at  Bedford,  Ohio,  ex- 
cept millions  of  Conodonts,  having  no  geological  significance,  the  only 
fossils  found  are  the  spines  and  teeth  of  three  species  of  Elasmobranchs, 
Hoplonchus,  Orodus,  and  Polyrhizodus.  These  three  genera  are  char- 
acteristic of  the  Carboniferous  system,  and  have  never  been  found 
in  the  Devonian;  but  they  will  hardly  be  accepted  as  decisive,  being 
specifically  new.  To  solve  this  problem,  Mr.  M.  C.  Read  and  Prof.  H. 
P.  Gushing  have  within  the  last  year  made  diligent  search  through- 
out northeastern  Ohio  for  molluscous  fossils  in  the  Cleveland  shale. 
Their  efforts  have  been  reasonably  successful,  as  they  have  found  large 
numbers  of  four  species  of  Brachiopods,  three  of  Lingula  and  one  of 
Distina.  In  order  to  make  the  specific  determination  of  these  shells  as 
certain  as  possible,  they  were  submitted,  without  information  as  to 
their  origin,  to  Prof.  R.  P.  Whitfield,  whose  accuracy  and  palseontologi- 
cal  knowledge  are  proverbial.  He  reports  them  to  be  Lingula  Cuyahoga, 
Hall;  L.  melie,  Hall;  and  Disdna  Newberryi,  Hall;  all  well-known  species 
of  the  Cuyahoga  shale  (Upper  Waverly).  The  fourth  species,  not 
identified  by  Professor  Whitfield,  is  a  pointed  Lingula,  apparently 
undescribed,  but  found  in  the  Bedford  shale,  which  overlies  the  Cleve- 
land, and  is  full  of  Waverly  fossils. 

"The  evidence,  then,  that  the  Cleveland  shale  is  the  basal  member  of 
the  Waverly  and  a  part  of  the  Carboniferous  system,  as  stated  in  the  Ohio 
reports,  though  not  overwhelming,  may  be  considered  as  satisfactory. 


.  Kept.  Secretary  of  State  [Ohio]  for  1879  (1880),  p.  594. 
2Mon.  U.  S.  Geol.  Survey,  Vol.  XVI—  The  Paleozoic  Fishes  of  North  America— 
p.  120. 
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"Prof.  Edward  Orton,  the  present  State  geologist  of  Ohio,  has  in 
several  of  his  recently  published  papers  united  the  Cleveland,  Erie, 
and  Huron  shales,  and  called  them  collectively  the  Ohio  shale.  This 
seems  to  me  unwarranted,  as  these  strata  are  essentially  distinct  in 
their  fossils,  and  the  upper  and  lower  members  of  the  trinity  are  sepa- 
rated on  the  eastern  border  of  the  State  by  an  interval  of  at  least  one 
thousand  feet.m 

Dr.  Orton  apparently  adhered  to  his  opinion  and  retained  the  Cleve- 
land shale  in  the  Devonian,  drawing  the  line  separating  the  Devonian 
and  Carboniferous  systems  between  the  Cleveland  and  Bedford  shales.2 
This  correlation  has  also  been  followed  in  the  later  reports  of  the  Geo- 
logical Survey  of  Ohio.3 

The  same  year  Dr.  Girty  in  elucidating  the  Bradfordian  series, 
which  he  had  proposed  in  an  earlier  paper,  stated  that  "In  Ohio  it  [Brad- 
fordian] is  tentatively  assumed  to  be  represented  by  the  Bedford  and 
Cleveland  shales,  and  probably  by  the  Erie.  Its  age  is  a  matter  of 
some  diversity  of  opinion,  but  I  believe  that  its  true  relations  are 
with  the  Devonian."4 

Professor  Schuchert  in  his  "Paleogeography  of  North  America" 
makes  the  Cleveland  shale  the  basal  formation  of  the  Kiriderhookian 
series  of  the  Mississippic  period  emended5  which  equals  the  "Lower  Mis- 
si  ssippian  or  Kinderhook  and  Osage  of  geologists."6  The  Bradfordian 
of  Pennsylvania  and  New  York  is  also  put  in  the  lower  part  of  the 
Kinderhookian,  although  it  is  stated  that  Dr.  Girty's  correlations  are 
followed  in  this  table  for  the  formations  "in  the  column  'East  of  Cin- 
cinnati axis'  "  for  Ohio  and  Pennsylvania.7 

Dr.  Ulrich  in  his  "Revision  of  the  Paleozoic  Systems"  gives  the 
Chagrin  formation  as  the  highest  Devonian  one  and  the  Cleveland  shale 
as  the  basal  one  of  the  "Waverlyan  system."8 

In  the  summer  of  1911  Dr.  Edward  M.  Kindle  carefully  studied  the 
Ohio  shale  at  various  typical  localities  across  Ohio  as  well  as  south 
of  the  Ohio  River  in  connection  with  his  former  field  work  in  Ken- 
tucky and  Tennessee,  and  some  of  his  results,  as  recently  published, 
are  of  great  importance  in  determining  the  age  of  the  Cleveland  shale. 
Dr.  Kindle's  discussion  in  part  is  as  follows: 

"When  Professor  Newberry  found  himself  unable  to  substantiate 
his  previously  published  statement  of  the  occurrence  of  a  Waverly 
fauna  [Syringothyris  typa,  etc.]  at  the  base  of  the  Cleveland  shale, 

'Op.  cit.,  pp.  127,  128. 

2Geol.  Surv.  Ohio,  Vol.  VII,  1893,  pp.  4,  22,  and  ''Geological  Scale  of  Ohio"  op. 
p.  4. 

3As  for  example,  see  4th  Ser.,  Bull.  7,  1905,  pp.  3,  4,  20-24. 

4Proc.  Washington  Acad.  Sci.,  Vol.  VII,  June  20,  1905,  p.  7. 

5Bull.  Geol.  Soc.  America,  Vol.  XX,  1910,  p.  548. 

"Ibid.,  p.  547. 

7Ibid.,  pp.  548,  550. 

8Ibid.,  Vol.  XXII,  1911,  pi.  28. 
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he  continued  to  maintain  the  Carboniferous  age  of  the  formation 
chiefly  on  the  evidence  of  the  occurrence  in  it  of  three  genera  of 
Carboniferous  fishes,  namely,  Hoplonchus,  Orodus  and  Polyrhizodus. 
Concerning  this  evidence  it  is  well  to  recall  that  most  of  the 
fossil  fishes  described  by  Newberry  were  obtained  for  him  by 
collectors  on  whom  he  depended  for  the  correct  designation  of  their 
geologic  horizon.  Since  Professor  Newberry  had  himself  confused 
the  Sunbury  and  Cleveland  shales,  the  opportunities  which  existed 
for  the  collectors  to  confuse  them  are  too  evident  to  require  dis- 
cussion. If  these  genera  occur  in  the  Cleveland  shale  at  Bedford,  as 
Professor  Newberry  believed,  recent  workers  in  this  field  should 
have  found  at  least  one  or  two  of  them.  We  have,  however,  the  testi- 
mony of  two  paleoichthyologists, .  Dr.  L.  Hussakof  and  Prof.  E.  B. 
Branson,  who  have  been  persistent  collectors  in  the  Cleveland  shale 
of  northern  Ohio,  that  they  have  never  found  any  of  these  genera  in 
it.  Professor  Branson  writes  as  follows: 

'  *I  have  never  collected  any  specimens  of  the  genera  mentioned 
in  your  letter,  from  the  Cleveland  shale,  nor  have  I  ever  seen  Carbonif- 
erous fish  remains  of  any  kind  in  the  shales.  *  :  We  had  quite  a  large 
collection  of  Cleveland  shale  material  in  Oberlin  College  Museum, 
but  all  of  it  indicated  the  Devonian  age  of  the  formation.' ' 

"Dr.  Hussakof  indicates  his  experience  in  the  following  words: 

"  In  regard  to  your  query  about  Hoplonchus,  Orodus  and  Polyrhizodus 
— I  have  never  found  any  of  them  in  the  Cleveland  shale/ ' 

"In  view  of  this  kind  of  testimony  from  paleontologists  thoroughly 
familiar  with  the  fish  fauna  of  the  Cleveland  shale,  both  through  ex- 
tended collecting  and  study  of  all  the  important  collections  made  by 
others,  we  seem  forced  to  conclude  that  the  Carboniferous  fishes  which 
Newberry  records  from  the  Cleveland  shale  came  probably  from  the 
Sunbury  instead  of  the  Cleveland."1 

Since  the  publication  of  Dr.  Kindle' s  paper,  Professor  Gushing  has 
defended  the  accuracy  of  Dr.  Newberry's  statement  concerning  the 
occurrence  of  Hoplonchus,  Orodus,  and  Polyrhizodus  in  the  Cleveland 
shale.  He  apparently  understands  Dr.  Newberry  to  state  that  he  col- 
lected specimens  belonging  to  all  three  genera  in  the  Cleveland  shale 
at  Bedford.2  The  statements  concerning  this  matter  by  Dr.  Newberry 
are  as  follows: 

"At  Bedford  I  obtained  from  this  stratum  [Cleveland  shale]  quite 
a  number  of  fish  teeth  consisting  of  species  of  Polyrhizodus,  Cladodus 
and  Orodus;  all  Carboniferous  sharks."3 

'Am.  Jour.   Sci.,  4th  ser.,  Vol.  XXXIII,  February,  1912,  pp.  132,  133. 

2Ibid.,  June,  1912,  pp.  581,  582  and  see  particularly  his  statement  on  p.  582:  'But 
the  matter  is  finally  settled  for  us  by  Newberry's  definite  pronouncement  that  he 
collected  these  fossils  himself." 

3Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  189. 
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Later  in  his  monograph  on  the  Paleozoic  Fishes  of  North  America, 
he  wrote  that: 

"In  this  locality  [Bedford]  I  also  obtained  small  teeth  of  Polyrhizodus 
and  Orodus  (P.  modestus,  N.,  and  0.  elegantulus,  N.  and  W.")1 

Also  under  the  account  of  the  "Fishes  of  the  Cleveland  Shale"  is 
the  statement  that  "In  the  excellent  exposures  at  Bedford,  Ohio,  except 
million [s]  of  Conodonts,  having  no  geological  significance,  the  only  fos- 
sils found  are  the  spines  and  teeth  of  three  species  of  Elasmobranchs, 
Hoplonchus,  Orodus,  and  Polyrhizodus."2  The  single  species  of  Hoplonchus 
reported  from  the  Cleveland  shale  (H.  parvulus  Newb.)  was  originally 
described  under  the  generic  name  of  Ctenacanthus  and  its  formation  and 
locality  given  as  "Cleveland  shale,  Bedford,  Ohio."3  There  is  apparently, 
however,  no  statement  to  the  effect  that  it  was  collected  by  Dr.  New- 
berry  at  Bedford.4 

Dr.  Kindle  in  the  above  mentioned  article  makes  the  following  state- 
ment concerning  the  evidence  furnished  by  the  conodonts:  "A  prelimina- 
ry examination  of  the  conodont  fauna  of  the  Huron  shale  shows  that  it  is 
very  similar  to  that  of  the  Cleveland  shale.  The  most  important  facts  now 
available,  as  bearing  directly  on  the  question  of  the  age  of  the  Cleveland 
shale,  relate  to  the  known  range  outside  of  Ohio  of  the  species  which  have 
been  recognized  in  it.  Only  three  of  the  Cleveland  shale  species  of  con- 
odonts have  thus  far  been  recorded  from  other  formations.  These  are 
Prionides  angulatus  Hinde,  Prionides  err  aliens  Hinde,  and  Polignathus 
dubius  Hinde.  These  species  are  recorded  only  from  Hamilton  and 
Genesee  horizons  elsewhere,  so  that  the  conodonts,  so  far  as  their  evi- 
dence is  recorded,  indicate  a  Devonian  age  for  the  Cleveland  shale."5 

Finally,  Dr.  Kindle's  conclusions  are  as  follows:  "Briefly  sum- 
marizing the  discussion  of  the  question  of  the  age  of  the  Cleveland 
shale,  we  may  say  that  (1)  the  evidence  of  the  Waverly  fauna  originally 
brought  forward  by  Newberry  and  restated  by  Bassler  should  be  elimi- 
nated from  consideration,  because  neither  Newberry  nor  any  of  his  suc- 
cessors have  been  able  to  substantiate  it  by  finding  a  similar  fauna  at  the 
base  of  the  Cleveland.  (2)  Later  workers  have  failed  to  find  any  of  the 
Carboniferous  fishes  claimed  by  Newberry  to  occur  in  it.  (3)  Some  of  the 
large  fossil  fishes  which  characterize  the  Cleveland  are  represented  by 
identical  species  in  rocks  of  demonstrated  Devonian  age.  (4)  The  Cleve- 
land shale  conodonts,  so  far  as  their  range  has  been  recorded,  are  known 
elsewhere  only  from  Devonian  rocks."6 

Super jacent  to  the  Cleveland  shale  is  a  formation  generally  com- 
posed of  soft  bluish  and  chocolate  colored  argillaceous  shale,  but  in  the 

JU.  S.  Geol.  Survey,  Mon.  XVI,  1889,  p.  123. 
2Ibid.,  p.  128. 

3Geol.  Surv.  Ohio,  Vol.  II,  pt.  2,  Paleontology,  1875,  p.  55. 

4For  Dr.  Kindle's  answer  to  Professor  Cushing's  remarks  see  Am.  Jour.  Sci.,  4th 
ser.,  Vol.  XXXIV,  August,  1912,  pp.  196,  197  f.  n. 

5Am.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  pp.  134,  135. 
6Ibid.,  p.  135. 
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Cleveland  region  the  lower  and  middle  portions  contain  blue  fine-grained 
sandstone  alternating  with  shale  and  to  the  eastward  similar  sandstones 
are  found  in  the  upper  part  of  the  formation  extending  even  to  its  top. 
This  formation  was  named  the  Bedford  shale  by  Dr.  Newberry  in  1870, 
and  characterized  as  a  "red  and  blue  clay  shale"  60  feet  in  thickness.1 
The  first  careful  description  of  the  formation  was  published  in  the 
"Report  on  the  Geology  of  Cuyahoga  County"  by  Dr.  Newberry  in  1873 
in  which  he  stated  that  "the  best  exposure  of  the  Bedford  shale  is  at 
Bedford,  and  it  has  received  its  name  from  this  fact."2  Later  in  this 
report  the  typical  exposures  of  the  Bedford  shale  in  the  gorge  of  Tink- 
ers Creek  below  the  village  of  Bedford  will  be  described. 

The  later  reports  of  the  Indiana  Department  of  Geology  and 
Natural  Resources  contain  the  term  "Bedford  oolitic  limestone"  as 
the  name  of  a  formation  of  the  Mississippian  series  of  that  state  and 
the  question  has  arisen  whether  Bedford  should  be  retained  as  the  name 
for  the  Indiana  or  Ohio  formation.  The  claim  of  priority  for  the  In- 
diana term  rests  entirely  upon  the  occurrence  of  the  term  "Bedford 
rock"  in  Owen's  report  on  Lawrence  County,  published  in  1862,  which 
was  not  used  in  the  sense  of  a  formation  name  and  was  not  described. 
The  sentence  in  which  "Bedford  rock"  occurs  is  as  follows:  "The  Bed- 
ford rock  has  long  been  celebrated  for  its  excellent  qualities  as  a  build- 
ing stone,  and  is  extensively  shipped;  additional  localities  are  being 
opened,  and  only  require  the  liberality  of  railroad  directors  to  furnish 
switches  and  other  facilities  for  still  more  extended  sales."3  The  name 
of  Bedford  in  the  above  sentence  was  used  in  the  same  sense  as  the  names 
of  hundreds  of  other  towns  have  been  applied  to  the  rock  quarried  in 
their  vicinity,  bub  without  any  intention  to  have  them  serve  as  the  names 
of  geologic  units.  In  1896,  however,  Messrs.  Hopkins  and  Siebenthal 
formally  described  a  formation  of  southern  Indiana  under  the  name  of 
the  "Bedford  oolitic  limestone."4  On  account  of  the  prior  use  of  Bed- 
ford for  the  Ohio  formation  Professor  Cumings  of  Indiana  University 
in  1901  proposed  "the  name  Salem  limestone  for  the  rocks  called  Bed- 
ford limestone  by  Hopkins  and  Siebenthal."5  The  writer  held  that 
the  Ohio  use  of  Bedford  was  the  one  entitled  to  acceptance;  but  later  he 
submitted  the  question  to  the  Committee  on  Geologic  Names  of  the 
United  States  Geological  Survey,  which  has  been  organized  for  the  con- 
sideration of  similar  questions  in  geologic  classification  and  nomencla- 
ture, and  the  following  decision  was  transmitted  by  the  former  Di- 
rector Hon.  Charles  D.  Walcott:  "(l)That  Bedford  rock  was  used  by 
Owen  in  1862  in  a  Report  of  Geological  Reconnaissance  of  Indiana,  1859- 

'Geol.  Surv.  Ohio,  Kept.  Prog,  in  1869,  p.  21. 
2Geol.  Surv.  Ohio,  Vol.  I,  p.  189. 
3Rept.  Geol.  Reconnoissance  Ind.,  p.  137. 

4Twenty-first  Ann.  Rept.  Indiana  Dept.  Geology  and  Nat.  Res.,  pp.  291,  298. 
Mour.  Geology,  Vol.  IX,  April-May,  1901,  p.  233.     Also  see  Cumings  in  Am. 
Geologist,  Vol.  XXVII,  March,  1901,  p.  147. 
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60,  p.  137,  but  the  usage  is  so  indefinite  as  not  to  constitute  a  preemp- 
tion of  the  term  for  stratigraphic  purposes.  (2) Bedford  shale  is  a  term 
first  employed  by  Newberry  in  Ohio  Geological  Survey  Report  of  Prog- 
ress, 1869,  p.  21,  and  this  usage  should  stand.  Furthermore,  it  is 
understood  here  that  Mr.  Cumings  has  recently  proposed  to  drop  the 
name  of  Bedford  limestone  of  Indiana,  and  substitute  for  it  Salem 
limestone."1  Both  sides  of  the  question  were  pretty  fully  presented 
in  the  Journal  of  Geology  in  the  April-May  number  of  1901, 2  and  in  the 
closing  paper  of  the  series  the  writer  summed  up  his  opinions  as  follows : 
"The  Bedford  shale  of  Ohio  is  as  thick  a  formation  as  the  Bedford  lime- 
stone of  Indiana;  lithologically  it  is  more  sharply  limited;  it  has,  appar- 
ently, as  great  areal  distribution;  as  the  name  of  a  definite  geologic  di- 
vision it  has  appeared  in  geological  literature  for  a  longer  time  and  to  a 
much  greater  extent;  but  it  does  not  contain  as  valuable  economic  de- 
posits of  building  stone."3  Since  the  above  was  written  the  writer 
has  studied  the  Salem  limestone  in  the  field  in  southern  Indiana  and  the 
only  modification  of  the  above  statement  he  would  make  is  to  suggest 
that  on  account  of  the  rapid  increase  in  the  use  of  Bedford  shale  for 
bricks  and  ceramic  products,  it  is  not  impossible  that  in  the  future  the 
economic  value  of  the  products  from  the  Bedford  shale  of  Ohio  may 
equal  that  of  those  from  the  Salem  limestone  of  Indiana.  In  the 
writer's  judgment  there  is  no  sound  basis  for  the  claim  that  "Bedford 
oolitic  limestone"  should  be  retained  in  geologic  literature  as  the  name 
for  the  Indiana  formation  arid  he  will  continue  to  use  Bedford  as  the 
name  of  the  Ohio  formation.  Later  Dr.  E.  O.  Ulrich  proposed  the 
name  Spergen  limestone  for  the  Indiana  formation,4  stating  that 
both  Bedford  and  Salem  "are  objectionable  as  formation  names,  for 
they  are  widely  and  consistently  employed  as  trade  names  of  quarried 
stone."5 

Salem  limestone  was  published  four  years  and  eight  months  pre- 
vious to  Spergen  limestone,  and  concerning  the  point  that  Salem  is 
used  to  some  extent  as  a  trade  name,  the  same  objection  could  be  raised 
regarding  many  other  well  known  formations,  as  for  example  the  Berea 
grit  of  Ohio.  If  there  be  no  other  objection,  instead  of  being  a  dis- 
advantage it  is,  on  the  contrary,  an  advantage  that  the  scientific  name 
of  the  formation  is  used  for  the  trade  name. 

Professor  Weller  also  holds  the  opinion  that  Spergen  ought  not  to 
be  substituted  for  Salem  limestone,  as  may  be  seen  from  the  following 
quotation:  "Ulrich  has  rejected  both  the  names  Bedford  and  Salem, 
and  uses  the  name  Spergen  limestone  for  the  formation,  but  the  sub- 
stitution of  Spergen  for  Salem  seems  to  be  wholly  unwarranted."6 

Mour.  Geology,  Vol.  X,  1902,  p.  277,  f.  n. 

2Op.  cit.,  pp.  215,  232-236,  267-273. 

3Ibid.,  p.  272. 

4Prof.  Paper  U.  S.  Geol.  Survey,  No.  36,  1905,  pp.  24,  28-31. 

5Ibid.,  p.  30. 

"Bull.  Illinois  State  Geol.  Survey,  No.  8,  1907,  p.  82. 
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Dr.  Newberry  mentioned  the  falls  of  the  stream  at  Newburg  as 
one  of  the  places  where  the  Cleveland  shale  is  well  shown,  and  stated 
that  at  this  locality  "scarcely  a  fragment  of  it  can  be  found  which  does 
not  contain  scales  of  fishes."1  On  the  preceding  page  he  also  stated 
that  the  Bedford  shale  was  to  be  seen  at  several  places  in  Newburg. 

The  extension  of  the  city  of  Cleveland  has  rendered  the  gorge  and 
falls  at  Newburg  on  Mill  Creek  less  attractive  than  when  studied  by 
Newberry  over  30  years  ago.  It  is  still,  however,  readily  accessible 
and  the  falls  are  about  opposite  No.  2770  Broadway,  Cleveland,  on  the 
A.  B.  C.  division  of  the  Northern  Ohio  Traction  and  Light  Company. 
Limited  time  necessitated  a  rather  hasty  study  of  the  falls  when  the 
following  section  was  measured. 

Total 

Section  at  Newburg  Falls.  ™g~  tj£*; 

No.  Feet.     Feet. 

3.  Euclid  lentil  of  Bedford  formation.  Top  of  sandstone  as 
shown  on  bank  of  creek,  which  is  much  shattered.  Just 
at  the  top  of  the  falls  some  large,  calcareous  concre- 
tions occur.  The  upper  portion  of  the  falls  is  composed 
of  massive,  grayish  sandstone  alternating  with  shales. 
This  zone  belongs  in  the  lower  part  of  the  Bedford 
formation  and  as  Newberry  stated  "is  the  'blue  stone' 
of  the  Cleveland  market" 19£  49 

2.  Argillaceous,  bluish-gray  shale  which  is  rather  gritty, 
with  a  thickness  of  5  feet  5  inches.  Base  of  Bedford 
formation 5£  —  29£ 

1.  Cleveland  shale.  Massive,  black,  bituminous  shale  which 
in  the  fall  occurs  in  thick  layers;  but  weathers  into  thin, 
even  laminae.  This  black  shale  continues  to  the  foot 
of  the  fall  which  is  the  lowest  rock  seen  at  this  locality.  24  24 

In  a  letter  to  Prof.  James  Hall  in  1861,  Prof.  R.  P.  Whitfield,  at 
that  time  one  of  Hall's  assistants,  reported  58  feet  of  "black  slate"  in  a 
section  at  Newburg.  This  black  slate  was  overlain  by  26  feet  of  "com- 
pact yellowish-gray  sandstone"  the  upper  part  of  which,  however,  was 
stated  to  be  thinner  bedded  to  shaly.  The  thickness  of  this  part  of  the 
section  is  in  close  agreement  with  what  the  writer  has  given  in  his  sec- 
tion of  Newburg  Falls. 

The  Cleveland  shale  in  all  the  outcrops  seen  in  the  Cleveland  region 
on  a  fresh  exposure  is  very  compact  and  massive  for  a  shale.  On  weather- 
ing, however,  it  splits  up  into  thin  laminae,  which  on  banks  where  the 
talus  is  slowly  removed  are  of  a  somewhat  rusty  color  and  not  markedly 
different  in  appearance  from  the  weathered  outcrops  of  the  Huron  and 
Sunbury,  the  two  other  black  shales  of  Ohio. 

The  following  section  of  a  cliff  on  Mill  Creek  about  one-fourth 
mile  below  Newburg  Falls  was  measured  by  an  assistant,  Dr.  John  A. 
Wilkinson: 

.  Surv.  Ohio,  Vol.  I,  1873,  p.  189. 
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Section  of  Cliff  on  Mill  Creek  below  Newburg  Falls. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

4.     Heavy  layer  of  "blue  stone",  or  fine-grained 
sandstone.    Euclid  sandstone  of  Bedford 
formation  1        10  84          8 

3.     Grayish  shale   containing  some  very  thin 

sandstone  layers  5          4  82        10 

2.    Cleveland    shale.    Black,  tough,  bituminous 

shale  45        ._  77         6 

1.  Chagrin  formation.  Bluish-gray,  argilla- 
ceous shale  containing  occasional  calca- 
reous layers 32  6  32  6 

Creek  level. 

The  lithologic  character  and  thickness  of  the  Cleveland  shale  in 
the  above  section  agree  well  with  Dr.  Newberry's  description  in  which 
he  stated  that  "it  is  found  outcropping  in  the  hills  which  border  the 
valley  of  the  Cuyahoga,  and  good  exposures  of  it  are  seen  within  the 
limits  of  the  city  of  Cleveland.  It  is  there  fifty  feet  in  thickness,  a 
homogeneous  mass  of  bituminous  shale."1 

In  the  Cleveland  region  the  greater  part  of  the  lower  portion  of 
the  Bedford  formation  is  composed  of  a  grayish  to  bluish  fine-grained 
sandstone  alternating  with  layers  of  shales,  for  which  Dr.  Newberry 
accepted  the  trade  name  and  generally  called  it  the  "blue  stone". 
Later  it  has  been  determined  that  there  is  another  sandstone  zone  near 
the  middle  of  the  formation.  Considering  all  the  known  facts  regard- 
ing the  sandstone  zones  of  the  lower  and  middle  portions  of  the  Bed- 
ford formation  at  Euclid,  Cleveland,  and  in  the  lower  Cuyahoga  Valley, 
it  appears  that  they  are  of  lenticular  shape  and  do  not  extend,  so  as  to 
be  clearly  recognizable,  for  any  very  considerable  distance.  For 
these  reasons  it  has  appeared  best  to  call  them  lentils  and  for  con- 
venience in  reference  and  description  to  give  them  geographic  names. 
Dr.  Orton  in  describing  the  Bedford  shale  stated  that  "especially  about 
Cleveland,  there  are  fifteen  to  twenty  feet  of  valuable  stone  included 
in  it.  This  stone  is  even  bedded,  very  strong  and  durable,  and  it  supplies 
a  large  quantity  of  flaggings,  caps  and  sills,  of  the  best  grade.  It  is 
known  as  the  East  Cleveland,  Euclid  and  Independence  blue-stone."2 
Much  later  Professor  Gushing  has  briefly  described  the  Bedford  shale 
as  "composed  of  soft  blue  or  red  shale"  which  "about  Cleveland  con- 
tains a  20-foot  stratum  of  sandstone  (the  Euclid  or  Bluestone)  near  the 
base."3  This  lower  sandstone  lentil  of  the  Bedford  formation  is  well 
shown  on  Euclid  Creek  in  Euclid  Township  to  the  northeast  of  Cleve- 

'Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  126. 
2Geol.  Surv.  Ohio,  Vol.  VI,  1888,  p.  34. 

3In  Brigham's  Suggestions  to  Teachers  designed  to  accompany  a  Text-book  of 
Geology,  1901,  p.  62. 
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land,  where  are  the  principal  quarries,  the  outcrops  of  which  will  be  de- 
scribed later,  and  the  name  Euclid  is  adopted  for  this  sandstone  lentil 
of  the  Bedford  formation. 

The  higher  lentil  is  named  the  Sagamore  from  Sagamore  Creek  in 
the  southwestern  part  of  Bedford  Township,  on  which  it  is  well  shown, 
the  sections  of  which  will  be  given  later. 

There  is  some  difficulty  in  defining  the  limits  of  these  lentils  at  all 
the  localities  where  shown;  but  the  writer  has  applied  the  names  as 
nearly  as  possible  to  those  portions  of  the  formation  in  which  the  lay- 
ers of  sandstone  are  of  sufficient  thickness  to  be  quarried  or  where 
sandstones  predominate.  With  this  explanation  in  mind  it  will  be 
understood  that  the  bottom  or  top  of  either  lentil  in  different  sections 
does  not  necessarily  mean  that  it  is  drawn  at  strictly  the  same  strati- 
graphic  horizon. 

The  statement  by  Dr.  Newberry  in  the  "Report  on  the  Geology 
of  Cuyahoga  County"  that  the  "blue  stone  is  the  precise  geological 
equivalent  of  the  'Buena  Vista  stone'  of  the  Scioto  Valley"1  is  a  mistake. 
The  Buena  Vista  member  in  southern  and  perhaps  central  Ohio  com- 
prises about  the  lower  fifty  feet  of  the  second  division  of  the  Cuyahoga 
terrane  for  which  this  name  has  been  revived  and  redefined 
by  the  writer.2  Recently  Prof.  J.  E.  Hyde  has  studied  the  Waverly 
formations  of  southern  Ohio  and  the  results  of  his  work  necessitate 
some  modification  of  the  description  which  the  writer  gave  of  the  Buena 
Vista  member.  Overlying  the  Bedford  formation  are  the  Berea 
grit  and  Sunbury  shale  before  reaching  the  Buena  Vista,  so  that  there  is  no 
possibility  of  the  Euclid  and  Buena  Vista  sandstones  being  equivalent, 
although  their  lithologic  characters*  are  very  similar.  This  mistake, 
however,  arose  from  the  fact  that  Dr.  Newberry  erroneously  correlated 
the  Cleveland  shale  of  northern  Ohio  with  the  Sunbury  shale  (Waverly 
black  slate)  of  southern  Ohio.  The  story  of  this  mistake,  which  for  a 
number  of  years  confused  all  correlations  of  these  formations  between 
northern  and  southern  Ohio,  has  already  been  told  by  the  writer.3 

In  the  Newburg  Falls  section  zone  No.  3  is  referred  to  the  Euclid 
lentil  of  the  Bedford  formation,  below  which  is  5  feet  5  inches  of  argil- 
laceous, bluish-gray  shale.  A  zone  of  shale  either  argillaceous  or  are- 
naceous, but  of  variable  thickness,  usually  occurs  between  the  base  of 
the  Euclid  sandstone  and  the  top  of  the  Cleveland  shale. 

Not  far  from  the  fall  is  a  quarry  in  Newburg  in  which  the  blue  or 
gray  fine-grained  sandstone  of  the  Euclid  lentil  of  the  Bedford  for- 
mation is  well  shown.  The  exposure  of  22|  feet  is  composed  mainly 
of  fairly  thick  sandstone  layers  separated  by  shale.  Some  of  the  layers 
are  not  regular  and  there  is  evidence  of  rolled  or  concretionary  struct- 

'Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  189. 

2Am.  Geologist,  Vol.  XXXIV,  Dec.  1904,  pp.  341,  342,  f.  n. 

3Jour.  Geology,  Vol.  X,  1902,  pp.  263-272. 
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ure  somewhat  similar  to  that  of  certain  layers  of  the  Oneonta  formation 
of  New  York,  which  have  been  compared  by  Dr.  John  M.  Clarke 
with  the  "Kramenzel"  of  Germany.1  This  comparison  is  only  intended 
to  relate  to  the  structure,  for  they  have  none  of  the  red  or  green  tints 
which  also  characterize  the  Oneonta  and  "Kramenzel"  deposits. 

Section  of  Newburg  Quarry. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

11.     Gray  sandstone  at  top  of  quarry   5            22  8 

10.     Bluish,  argillaceous  shale ._          8           22  3 

9.    Massive  layer  of  gray,-  fine-grained  sand- 
stone   6                      21  7 

8.    Massive  sandstone 2          9            15  7 

7.    Mainly  sandstone,  but  in  some  parts  of  the 

quarry  there  is  some  shale 22            12  10 

6.    Massive  sandstone 39            10  8 

5.     Stratum  varying  from  shale  to  sandstone 23             6  11 

4.    Massive  sandstone 3                        4  8 

3.     Flaggy    sandstone,    upper    layer   2   inches, 

lower  one  8  inches __        10              1  8 

2.     Shale '_  2            ..  10 

1.     Sandstone  to  base  of  quarry 8  8 

The  entire  exposure  in  this  quarry  belongs  in  the  Euclid  lentil  of 
the  Bedford  formation,  which  Dr.  Newberry  called  "the  'blue  stone'  of 
the  Cleveland  market."2  A  single  reading  of  the  barometer  gave  a 
difference  of  30  feet  from  the  top  of  the  quarry  (No.  11  of  the  section)  to 
the  top  of  the  Cleveland  shale  in  the  Newburg  Fall.  The  distance  is 
not  far  and  the  dip  slight,  so  that  probably  30  feet  is  not  far  from  the 
actual  thickness  of  the  rocks  included  between  these  two  horizons. 

Big  Creek  Sections* — On  the  banks  of  Big  Creek  below  the  Pearl 
Street  bridge  at  South  Brooklyn,  as  well  as  in  railroad  cuttings,  are 
frequent  exposures  of  the  Chagrin  formation.  It  consists  principally 
of  bluish-gray  to  gray  shales,  which  on  weathering  are  frequently  much 
iron-stained,  with  numerous  lenticular  clay-iron  concretions.  Above 
Pearl  Street  bridge  and  Brookside  Park  there  are  frequent  exposures 
of  the  Chagrin  formation  with  banks  40  feet  or  so  in  height.  The 
greater  part  of  the  rock  consists  of  bluish  to  bluish-gray  shales  with 
some  clay-iron  concretionary  layers  and  thin,  micaceous  sandstones. 
The  top  of  the  formation  is  apparently  reached  in  the  cliff  on  the  south- 
ern side  of  the  creek  less  than  one-fourth  mile  above  Brookside  Park, 
where  at  60  feet  above  creek  level,  barometrically,  weathered  black 
shale  occurs  in  place.  The  barometer  indicates  that  from  the  bed  of 

thirteenth  Ann.  Kept.  State  Geologist,  [N.  Y.],  1894,  p.  538,  and  N.  Y.  State 
Mus.,  Forty-seventh  Ann.  Rept.,  p.  732. 
2Geol.  Surv.  Ohio,  Vol.  I,  p.  188. 
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Big  Creek  at  the  railroad  bridge  (the  Pearl  Street  bridge)  up  to  this 
horizon  the  upper  100  feet  of  the  Chagrin  formation  is  shown.  Another 
reading  from  the  level  of  Big  Creek  at  the  South  Brooklyn  railroad 
station  to  the  base  of  the  Cleveland  shale  on  the  bank  of  Big  Creek  at 
the  railroad  bridge  near  West  Park  Cemetery  gave  90  feet  of  Chagrin. 
The  transition  from  the  Chagrin  formation  to  the  Cleveland  shale 
may  be  studied  to  best  advantage,  however,  on  the  northern  bank  of 
Big  Creek  at  West  Park  Cemetery  and  just  below  the  most  western 
bridge  of  the  Cleveland,  Lorain  and  Wheeling  Railroad  shown  on  the 
Cleveland  quadrangle.  Immediately  below  the  small  cascade  in  the 
run  leading  from  the  cemetery  the  upper  15  feet  of  the  Chagrin  for- 
mation may  be  seen.  This  portion  consists  largely  of  thin,  micaceous, 
grayish  sandstone  layers  with  somewhat  varying  thickness  which  alter- 
nate with  thin  layers  of  bluish  or  bluish-gray  argillaceous  shale,  from  1 
to  10  inches  thick.  At  the  top  is  a  sandstone,  in  places  3  inches  thick, 
similar  in  lithologic  appearance  to  the  sandstone  layers  noted  below  in 
the  Chagrin,  but  a  little  thicker  than  most  of  them.  In  the  upper  4 
feet  of  the  Chagrin  are  some  bluish-black  to  brownish-black  layers  of 
shale  which  begin  to  have  the  lithologic  appearance  of  the  Cleve- 
land, and  indicate  the  beginning  of  the  physical  conditions  under  which 
that  shale  was  deposited.  The  larger  part  of  the  4  feet,  however,  con- 
sists of  rocks  with  the  lithologic  characters  of  the  Chagrin,  which  is 
especially  true  of  the  upper  sandstone,  so  that  it  has  been  left  in  that 
formation.  It  is  probable,  however,  that  this  lithologic  change  from 
the  typical  character  of  the  Chagrin  formation  is  the  commencement  of 
that  changed  condition  of  deposition  which  farther  west  has  led  to  a 
decided  thickening  of  the  black  shale,  produced  in  part  by  the  changed 
lithologic  character  of  the  upper  Chagrin  and  in  part  by  a  similar  lith- 
logic  change  of  the  lower  Bedford.  It  is  not  thought  necessary,  how- 
ever, to  assign  a  new  name  to  these  shales,  which  are  lithologically  tran- 
sitional from  the  Chagrin  to  the  Cleveland.  A  little  farther  west  where 
the  black  color  largely  predominates  they  have  been  included  in  the 
Cleveland,  and  this  reference  appears  to  be  in  harmony  with  the  prin- 
ciples of  stratigraphic  classification  as  elucidated  by  Bailey  Willis  of 
the  U.  S.  Geological  Survey.1  The  upper  surface  of  the  sandstone 
was  taken  as  the  dividing  line  between  the  Chagrin  and  Cleveland 
formations,  succeeding  which  nearly  if  not  quite  all  the  shale  is 
black  with  the  characteristic  lithology  of  the  Cleveland.  In  the 
weathered  banks  the  outside  of  certain  layers  is  covered  with 
grayish  or  whitish  deposits  of  sulphate  of  iron;  but  on  digging 
into  the  bank  the  shale  is  seen  to  be  black.  In  this  locality  the 
line  between  the  Chagrin  and  Cleveland  shales  is  sharp  and  well 

*For  his  illustration  of  the  way  in  which  this  particular  type  of  a  formation's 
boundary  may  change  see  Jour.  Geology,  Vol.  IX,  1901,  fig.  II,  on  p.  565  and  explana- 
tion on  p.  563. 
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marked  and  admits  of  a  ready  separation  into  two  formations.  The 
Cleveland  shale  is  also  shown  in  the  C.  L.  &  W.  R.  R.  cut  to  the  east  of 
the  bridge.  The  upper  few  feet  of  the  Chagrin  formation  extend  up 
the  creek  above  the  railroad  bridge,  where  on  the  eastern  bank  of  the 
bend  in  the  creek  the  overlying  black  shale  to  the  top  of  the  cliff  was 
measured.  The  top  of  the  Cleveland  shale  was  not  shown,  but  the 
bank  measured  with  steel  tape  gave  51 J  feet  of  black  shale,  which  is  a 
little  greater  than  the  actual  thickness,  because  the  bank  is  not  perfectly 
vertical.  It,  however,  showed  that  there  is  some  50  feet  of  Cleveland 
shale  in  this  bank.  Farther  up  the  stream  where  the  upper  sandstone 
and  shale  of  the  Chagrin  formation  make  the  floor  of  the  creek,  the 
almost  vertical  bank  of  black  shale  was  again  measured  with  steel 
tape,  giving  56J  feet,  apparently  all  Cleveland.  The  shale  very 
near  the  top  of  the  bank  as  seen  from  the  creek  below  is  apparently 
all  black,  so  that  it  appears  perfectly  safe  to  state  that  on  Big  Creek  the 
Cleveland  shale  has  a  thickness  of  at  least  55  feet. 

A  little  below  the  place  just  cited  is  an  uplift  and  near  the  axis  of 
the  fold  the  shales  are  broken,  forming  a  reverse  fault.  Another 
anticlinal  fold  with  a  reverse  fault  near  its  axis  occurs  farther  up  the 
creek  and  on  the  opposite  side,  where  the  throw  is  about  2  feet.  Still 
farther  up  the  stream,  above  the  railroad  cut  and  near  the  western 
line  of  the  Cleveland  quadrangle,  is  another  sharp  anticline  which  is 
also  faulted.  At  this  locality  a  gray  micaceous  sandstone  with  bluish- 
gray  argillaceous  shale  below  is  brought  up,  both  of  which  closely 
resemble  the  upper  part  of  the  Chagrin  formation  as  shown  farther 
down  the  stream.  These  rather  frequent  folds  and  faults  in  the 
shale  render  some  care  necessary  in  determining  the  thickness  of 
the  various  sections.  It  is  hardly  safe  to  assume  for  any  con- 
siderable covered  distance  that  the  same  conditions  continue  as  noted 
on  each  side,  and  even  in  following  a  continuous  exposure  it 
is  necessary  to  watch  for  folding,  rapid  change  in  dip  or  faulting. 
The  faults  and  anticlines  on  Big  Creek  would  lead  to  an  erroneous 
estimate  of  the  thickness  if  determined  by  following  the  stream  con- 
tinuously with  a  hand  level  or  reading  the  barometer. 

Somewhat  similar  anticlinal  folds  in  the  Chagrin  shales  shown  in 
the  cuts  of  the  Belt  Line  Railroad  in  Cleveland  have  been  described  and 
illustrated  by  Prof.  Frank  R.  Van  Horn.1  The  Professor's  explana- 
tion of  their  formation  is  that  they  "were  probably  caused  by  pressure 
due  to  the  nearly  threefold  increase  in  volume  which  results  when  iron 
sulfides  alter  to  iron  sulfate  and  alum-like  compounds."2 

A  short  distance  up  the  creek  from  the  anticline  just  described  in 
the  midst  of  fine  black  Cleveland  shale,  as  weathered  on  the  cliff,  is  an 
occasional  layer  of  light  gray,  micaceous  sandstone  about  one-half  inch 

'Bull.  Geol.  Soc.  America,  Vol.  XXI,  No.  4,  Dec.  1910,  pp.  771-773,  pis.  53  and  54. 
2Ibid.,  p.  772. 
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in  thickness.  There  is  also  an  occasional  thin  layer  of  bluish-gray 
argillaceous  shale,  showing  that  this  part  of  the  Cleveland  is  not  com- 
posed entirely  of  black  shale.  In  the  bed  of  the  creek  not  far  below 
the  first  highway  bridge  above  West  Park  Cemetery,  is  a  layer  of  bluish- 
gray  micaceous  sandstone  nearly  two  inches  thick.  According  to  the 
barometer  this  sandstone  layer  is  30  feet  above  the  base  of  the  black 
shale,  while  cliffs  of  black  shale  from  25  to  30  feet  high  rise  above  it. 
The  grayish  sandstone  and  shale,  however,  form  so  small  a  percentage 
of  the  total  thickness  of  the  lower  black  shales  on  this  stream  that  it 
is  believed  they  may  be  referred  to  the  Cleveland  shale  in  accordance 
with  the  definition  of  a  formation  by  Bailey  Willis  and  they  are  so 
included  by  the  writer. 

The  top  of  the  Cleveland  shale  is  reached  on  Big  Creek  some  two 
miles  south  of  North  Linndale,  south  of  the  second  east  and  west  road 
crossing  the  creek  and  a  few  rods  south  of  the  brick  schoolhouse  on  the 
Linndale-Parma  highway.  Again  the  top  of  the  shale  is  shown  in  the 
bed  of  Big  Creek  just  below  the  house  of  Jacob  Kraus.  The  barometer 
read  at  the  base  and  top  of  the  black  shale  gave  a  difference  in  altitude 
of  70  feet,  which  indicates  the  thickness  of  the  Cleveland  shale  in  this 
section.  A  little  later  it  will  be  shown  that  in  the  Doan  Brook  section 
on  Ambler  Boulevard  near  Case  School  in  Cleveland,  between  8  and  9 
miles  to  the  northeast,  the  Cleveland  shale  is  only  37J  feet  thick.  This 
thickening  of  the  black  shale  as  it  is  followed  to  the  southwest  is  due 
largely  to  the  downward  encroachment  of  the  black  deposits  upon  the 
Chagrin,  as  is  shown  by  the  presence  of  thin  sandstones  and  shales  with 
the  lithologic  appearance  of  the  Chagrin  in  the  lower  portion  of  the 
black  shale  deposits  on  this  creek.  There  also  may  be  some  encroach- 
ment upward  of  the  black  shale  deposits  upon  the  Bedford  formation. 

Section  on  Big  Creek.  Thickness.     Total 

No.  thickness. 

Feet. 


8.  Berea  sandstone.  From  the  outcrop  in  the  highway  gutter 
near  the  bridge  over  Big  Creek  northwest  of  Parma, 
where  are  cliffs  of  Berea  sandstone.  It  is  20  feet 
lower  according  to  the  barometer  to  the  base  of  the 
formation  as  shown  some  rods  farther  down  the  stream. 
This  lower  portion  of  the  Berea  is  fairly  coarse  and 
more  or  less  irregularly  bedded,  composed  of  coarse 
quartz  sand,  some  of  which  is  rather  loosely  cemented. 
When  weathered  there  is  a  large  number  of  iron  spots 
and  to  some  extent  the  surface  of  the  cliff  is  covered 
with  calcite 20  291 

7.  Bedford  formation.  At  the  top  is  a  zone  of  gray,  argilla- 
ceous shale.  Below  this  upper  zone,  so  far  as  shown, 
the  shale  is  chocolate  colored,  argillaceous  and  breaks 
up  into  thin  small  pieces  as  it  weathers.  The  thick- 
ness of  this  pencil  shale  according  to  the  barometer 
readings,  is  between  55  and  60  feet.  The  base  of  this 


GEOLOGICAL  SURVEY  OF  OHIO.  31 

Thickness.       Total 

No.  thickness. 

Feet.  Feet. 

zone  is  shown  on  Big  Creek  about  one-half  mile  below 
the  first  east  and  west  road  north  of  Parma  and  about 
opposite  the  house  of  J.  Emrich  on  road  west  of  the 
creek.  The  Berea  rests  unevenly  on  the  Bedford  with 
sags  and  arches  similar  to  those  on  Skinner's  Run  in 
the  eastern  part  of  the  township,  3|  miles  farther  east, 
which  are  described  farther  on  in  this  bulletin,  only 
the  vertical  distance  is  not  so  great.  At  the 
northern  end  of  this  outcrop  there  is  a  sag  of  3=*= 
feet  in  the  base  of  the  Berea  into  the  Bedford  shale 60  271 

6.  Some  chocolate  colored  shale;  but  mostly  bluish-gray 

shales  and  thin  sandstones 20  211 

5.  Bluish  to  olive  argillaceous  and  arenaceous  shales  with 
layers  of  thin  sandstone  in  lower  part  of  zone,  some  of 
which  are  ripple-marked.  This  zone  is  shown  on  the 
bank  a  few  rods  below  the  railroad  bridge ll=fc  191 

4.  Bluish,  fine-grained  sandstone  alternating  with  shale,  7 

feet  10  inches  thick 7|  180- 

3.  The  basal  zone  of  the  Bedford  consists  in  the  main  of  dark 
gray  shale,  part  of  which  is  gritty  and  some  of  which  is 
argillaceous.  At  the  base  is  a  coarse,  blocky,  some 
what  calcareous,  very  dark  gray  to  blackish  shale  which 
is  2=*=  inches  in  thickness.  This  shale  is  coarser  and 
harder  than  that  above,  is  fossiliferous  and  contains 
specimens  of  Orbicidoidea  and  a  few  other  fossils.  A 
little  farther  up  the  creek  than  at  the  place  where  this 
shale  was  first  noticed,  and  on  the  opposite  side,  a  pyri- 
tiferous  sandstone,  4  inches  thick,  appears  in  the  lowest 
shale.  This  sandstone  is  very  inconstant,  thinning  out 
and  reappearing.  On  Ambler  Boulevard,  Cleveland, 
between  8  and  9  miles  to  the  northeast,  there  is  3  feet 
9  inches  of  blue  shale  at  the  base  of  the  Bedford  before 
reaching  the  base  of  the  lowest  sandstone  layer 2ra  172  +- 

2.  Cleveland  shale.  Composed  almost  entirely  of  black  shale; 
but  with  occasional  thin  layers  of  bluish-gray,  argilla- 
ceous shale  and  light-gray,  micaceous  sandstone  from 
|to  2  inches  thick 70  170 

1.  Chagrin  formation.  Bluish  to  bluish-gray  shales  and  thin, 
micaceous  sandstones  with  numerous  lenticular  clay- 
iron  concretions.  The  upper  100  feet  of  the  formation 
is  shown  from  near  the  Pearl  Street  bridge  at  South 
Brooklyn  up  the  stream  to  the  Cleveland  shale 100  100 

The  Berea  sandstone  is  shown  on  a  branch  of  Big  Creek  at  the 
three  corners,  three-eighths  of  a  mile  southeast  of  Parma,  where  it  is 
strongly  cross-bedded  in  structure.  The  Berea  sandstone  and  higher 
formations  are  fully  described  later  in  this  bulletin.  From  the  top  of 
this  outcrop  down  to  the  base  on  Big  Creek  northwest  of  Parma  the 
barometer  gave  a  difference  of  55  feet,  which  probably  does  not  rep- 
resent the  entire  thickness  of  the  Berea  at  Parma.  At  the  four  corners 
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one  and  one-fourth  miles  to  the  east  and  between  65  and  70  feet  higher 
the  Brecksville  shale  outcrops.  The  base  of  the  Berea  is  also  shown  on 
•an  eastern  branch  of  Big  Creek  one  and  one-half  miles  northeast  of 
Parma  in  the  angle  between  the  northeast  road  and  the  first  east  and 
west  one  north  of  Parma  and  one-fourth  mile  east  of  the  house  of  Henry 
Williams.  The  chocolate  colored  shale  is  shown  on  the  branch  10  feet 
lower  than  the  sandstone  and  the  base  of  this  upper  zone  of  chocolate 
shale  on  Big  Creek  is  55  feet  lower  than  the  sandstone. 

On  Baldwin  Creek  in  the  southeastern  part  of  Middleburg  Town- 
ship and  two  miles  southwest  of  Parma  are  banks  of  Brecksville  shale 
from  15  to  20  feet  in  height. 

On  the  most  northern  east  and  west  road  in  Royalton  Township  and 
about  one-fourth  mile  east  of  the  north  and  south  road  from  Parma  is 
fine-grained,  bluish-gray,  micaceous  sandstone,  which  weathers  to  a 
rusty  color.  This  horizon  is  approximately  150  feet  higher  than  the 
highest  outcrops  of  the  Berea  sandstone  at  the  three  corners  southeast 
of  Parma  and  is  near  the  base  of  the  Royalton  formation.1  This  inter- 
pretation is  supported  by  the  section  on  Broadview  Road  between 
Parma  and  Independence  townships,  about  4  miles  to  the  northeast, 
where  it  is  155  feet  from  the  lowest  sandstone  of  the  Royalton  formation 
down  to  the  top  of  the  Berea.  This  interval  is  that  of  the  Orangeville 
formation,  the  thickness  of  which  in  these  two  sections  is  apparently 
in  close  agreement.  From  the  locality  just  described  in  the  northern 
part  of  Royalton  Township  on  up  the  hill  to  the  north  and  south  road 
and  then  toward  North  Royalton  thin-bedded  sandstones  alternating 
with  shales  to  near  the  top  of  the  hill  are  shown  more  or  less  frequently. 
These  outcrops  belong  in  the  Royalton  formation  which  was  named 
particularly  from  the  outcrops  in  the  streams  on  the  western  slope  of 
this  hill.  The  top  of  the  hill  on  the  road  about  one-half  mile  north  of 
North  Royalton  is  by  the  barometer  245  feet  higher  than  the  lowest 
sandstone  noted  on  the  east  and  west  road  near  the  northern  line  of 
the  township.  The  higher  portion  of  the  hill  is  well  covered  by  drift, 
so  that  the  older  rocks  are  not  shown  and  it  is  hardly  safe  to  refer  all  of 
it  to  the  Royalton  formation.  The  Sharon  conglomerate  outcrops 
near  Walling  Corners,  3  miles  to  the  northeast  and  some  90  feet  lower, 
although  the  writer  has  not  seen  it  on  the  North  Royalton  hill. 

In  a  gully  about  one-half  mile  west  of  this  highest  point  on  the 
North  Royalton  road  and  185  feet  lower  (barometer)  is  an  outcrop  of 
an  impure  limestone,  which  is  similar  in  lithologic  appearance  to  the 
Meadville  limestones  of  northwestern  Pennsylvania  and  is  described 
in  the  section  northwest  of  North  Royalton. 

The  following  diagrammatic  section  shows  the  thickness  of  the  ex- 
posed formations  from  the  Pearl  Street  bridge  at  South  Brooklyn  up 
Big  Creek  to  Parma  and  then  south  to  the  top  of  the  North  Royalton 

JThe  Royalton  is  named  and  defined  in  Chapter  V  of  this  bulletin  (p.  493). 
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hill.     The  thickness  in   part  was   determined  from  barometric  read- 
ings: 

General  Section  from  South  Brooklyn  up  Big  Creek 
to  Top  of  North  Royalton  Hill. 

Top  of  North  Royalton  hill 


Drift.    Royalton  formation  may  not 
extend  to  upper  part  of  section 

Royalton  formation 
Orangeville  formation 
Berea  sandstone 
Bedford  formation 
Cleveland  shale 


721' 

245' 

4.7fi  ' 

150'=*= 

55'  + 

071  / 

101'=*= 

mi 

70' 

inn  ' 

100' 

0' 

Chagrin  formation 
(upper  part) 

Big  Creek  at  Pearl  Street  bridge 


Section  Near  Kinsman  Street  Reservoir*  —  The  Kinsman  Street 
or  High  Service  Reservoir  is  on  the  plateau  to  the  east  of  the  end  of  the 
Kinsman  and  Fulton  streets  car  line  about  four  miles  south  of  Lake  Erie, 
325  feet  above  it,  and  five  miles  from  the  Public  Square,  Cleveland.  The 
plateau  is  underlain  by  the  massive  Berea  grit,  while  the  small  stream, 
quarry  and  street  cuttings  below  afford  some  opportunity  for  examin- 
ing the  Berea  and  Bedford  formations.  The  red  Bedford  shale  is  shown 
on  the  street  near  the  foot  of  the  sharper  rise  and  its  base  in  the  run  to  the 
north  of  Kinsman  Street  on  the  Huron  property  and  its  contact  with 
the  Berea  grit  in  the  old  quarry.  The  sewer  on  Woodland  Hills  Avenue 
and  the  Dean  quarry  show  the  sandstone  or  Euclid  lentil  of  the  Bed- 
ford formation.  The  following  somewhat  composite  section  has  been 
prepared  from  the  reservoir  down  to  the  base  of  the  Dean  quarry: 

Section  from  Kinsman  Street  Reservoir  to  Base  of  Dean  Quarry. 

Thickness.        Total 

No.  Thickness. 

Feet.  Feet. 

5.    Reservoir    walk,    325    feet    above    Lake    Erie.     Covered 

interval 52  135 

4.  Coarse,  gray  sandstone  which  is  very  much  cross-bedded 
and  shattered.  Apparently  the  Berea  grit,  some  of 
which  is  fairly  massive  and  has  been  quarried  to  a  slight 
extent  13|  83 

4— G.  B.  15. 
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Thickness.       Total 

No.  Thickness. 

Feet.  Feet. 

3.  Bedford  formation.  Gray,  argillaceous  shale  at  contact. 
Lower  is  chocolate  colored,  very  fine-grained,  argilla- 
ceous shale  which  breaks  up  on  weathering  into  small, 
pencil-like  pieces 14|  69^ 

2.  Olive  and  bluish,  argillaceous  shale  below  which  are  bluish- 
gray  sandstones  and  shales.  In  the  run,  at  the  side  of 
the  street  before  reaching  the  corner  where  the  Kins- 
man Street  car  line  stops,  are  thin-bedded,  bluish-gray 
sandstones  which  show  frequent  ripple-marks,  mud- 
flows  and  apparently  other  evidence  of  shallow  water. 
Some  of  the  blocks  weather  to  a  very  rusty  color.  In 
the  sewer  on  Woodland  Hills  Avenue,  bluish-gray  sand- 
stone and  shale  are  well  shown  in  excavation 41  55 

1.  Bluish-gray  sandstone  and  bluish  shale,  mainly  sandstone 
with  shale  partings.  This  zone  extends  to  the  floor  of 
the  Dean  quarry  and  with  the  lower  part  of  the  super- 
jacent  one  belongs  in  the  Euclid  lentil  of  the  Bedford 
formation 14  14 

The  following  more  detailed  account  of  Dean's  quarry,  which  is 
just  east  of  Rockland  Avenue,  will  be  given: 

Section  of  Dean's  Quarry. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

6.     Till  to  top  of  bank 10  24 

5.  Euclid  lentil  of  Bedford  formation.  Sandstone 
with  blue  shale  partings,  two  principal 
sandstone  layers  4  __  14 

4.    Thick  layer  of  bluish,  fine-grained  sandstone      2          6  10 

3.  Thin-bedded  sandstone  with  blue  shale  part- 
ings   27  76 

2.    Massive,  bluish-gray,  fine-grained  sandstone      3          2  411 

1.  Thin  layer  of  shale  at  top;  below  is  a  10-inch 
sandstone  layer  with  a  5-inch  one  at  the 
bottom 19  19 

The  floor  of  Dean's  quarry  is  a  bluish-gray,  somewhat  arenaceous 
shale;  but  Mr.  Dean  told  me  that  a  little  deeper  is  a  black  shale  which 
evidently  is  the  top  of  the  Cleveland.  It  was  seen  in  an  excavation  a 
little  lower  down  the  street,  and  Mr.  Dean  said  it  continued  to  the  rail- 
road track.  It  is  shown  in  several  places  in  the  street  cuttings  and 
from  the  railroad  track  to  its  highesb  exposure  the  hand-level  gave  21  \ 
feet. 

The  coarse  sandstone  mentioned  in  the  small  quarry  below  the 
Kinsman  Street  Reservoir  and  in  street  cutting,  which  is  apparently 
the  Berea  grit,  is  the  youngest  formation  outcropping  in  the  immediate 
vicinity  of  Cleveland  with  the  exception  of  the  glacial  and  alluvial  de- 
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posits.  The  Berea  grit  was  named  by  Dr.  Newberry  in  1870  from  the 
large  quarries  at  Berea  to  the  southwest  of  Cleveland.1  It  was  de- 
scribed in  his  "Report  on  the  Geology  of  Cuyahoga  County,"  where  he 
stated  that  it  "is  a  bed  of  sandstone  something  like  60  feet  in  thick- 
ness, varying  much  in  character  in  different  localities 
which,  from  the  locality  that  has  rendered  it  most  famous,  I  have  called 
the  Berea  grit."2 

A  general  account  of  the  distribution  of  "The  Berea  Sandstone  of 
Ohio"  was  published  by  Dr.  Orton  in  a  Report  of  the  Secretary  of  State 
of  Ohio,3  in  which  he  described  its  course,  stating  that  "it  enters  the  State 
from  Pennsylvania  in  Williamsfield,  the  southeastern  township  of  Ash- 
tabula  County4  and  passes  through  Franklin,  Meigs,  Jeffer- 
son, and  Green  townships  of  Adams  County  to  the  Ohio  River,  which 
it  overhangs  in  bold  highlands,  between  the  mouth  of  Brush  Creek 
and  the  village  of  Rockville."6  A  further  account  appeared  in  the 
Secretary's  report  for  the  following  year,6  which  also  contained  a  page 
map  of  "Eastern  Ohio"  on  which  the  northern  and  western  boundary  of 
the  Berea  grit  was  shown  by  a  black  line  running  across  the  entire  state. 7 

These  two  papers  by  Dr.  Orton,  on  account  of  their  publication 
in  the  reports  of  the  Secretary  of  State,  which  are  devoted  mainly  to 
the  publication  of  the  tables  of  statistics  for  that  department,  were 
practically  buried  and  known  to  but  few  geologists. 

Doan  Brook  Sections. — On  the  bank  of  Doan  Brook,  just  below 
the  campus  of  Case  School,  may  be  seen  perhaps  20  feet  of  bluish-gray 
argillaceous  shale  with  an  occasional  layer  of  calcareous  clay-iron  con- 
cretions, which  more  infrequently  forms  a  continuous  stratum,  belong- 
ing in  the  Chagrin  formation.  Thence  up  the  brook  outcrops  of  vary- 
ing thickness  frequently  occur;  the  most  important  of  these  is  just 
above  the  New  York,  Chicago  and  St.  Louis  Railroad  bridge,  where  a 
bank  of  Chagrin  shale  of  bluish-gray  or  gray  color,  with  an  occasional 
thin  sandstone  layer,  is  shown.  There  is  a  strong  southerly  dip  at  this 
locality  and  probably  35  feet  or  more  of  the  shales  may  be  measured. 
This  bank  gives  one  a  clear  idea  of  the  general  weathered  appearance 
of  the  Chagrin  formation  as  seen  on  the  higher  banks  of  the  Chagrin 
River  or  in  other  deeper  streams  both  to  the  east  and  west  of  Cleveland. 

On  the  eastern  side  of  Ambler  Boulevard  starting  up  the  hill  south- 
east of  Case  School  and  Adelbert  College,  is  a  conspicuous  cliff,  com- 
posed in  large  part  of  the  Cleveland  shale  and  capped  at  its  southeast- 
ern end  by  the  lower  part  of  the  Euclid  lentil  of  the  Bedford  formation. 

'Geql.  Surv.  Ohio,  Kept.  Prog,  in  1869,  (1870),  pt.  1,  p.  21. 

2Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  186. 

3Ann.  Kept.  Secretary  of  State  [Ohio]  for  1878  (1879),  pp.  591-599. 

4Ibid.,  p.  595. 

5Ibid.,  p.  598. 

"Ann.  Rept.  Secretary  of  State  [Ohio]  for  1879,  (1880),  pp.  595-599. 

7Op.  cit.,  op.  p.  592. 
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At  the  northwestern  end  of  the  bluff  there  is  a  very  strong  dip  to 
the  south  which  decreases  as  followed  southward  along  the  bluff.  It 
shows  that  the  northwestern  end  is  apparently  on  one  side  of  a  small 
but  sharp  anticlinal  fold.  These  frequent  small  folds  in  the  shale  of 
this  region  indicate  that  caution  must  be  exercised  in  measuring  sec- 
tions that  extend  for  any  considerable  distance,  as  has  already  been 
stated  in  the  description  of  Big  Creek. 

The  rocks  of  this  cliff  were  studied  and  measured  and  the  section 
extended  to  the  level  of  Doan  Brook,  although  on  the  bank  below  Am- 
bler Avenue  at  this  locality  the  rocks  are  mainly  covered  until  the 
creek  is  reached. 

Section  of  Cliff  on  Ambler  Boulevard. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.         In. 

10.     Soil  and  drift  to  top  of  bank  below  house.  __     __ 
9.    Euclid  lentil  of  Bedford  formation.     Grayish, 

fairly  thick-bedded  sandstone 52  99          8 

8.     Bluish  shales  which  are  arenaceous  at  the 

top  and  the  remainder  argillaceous  vary- 
ing from  3i  to  4  feet 3          6  94          6 

7.     Gray  sandstone  stratum,  about  8  inches  thick    __          8=*=        91 
6.     Bluish  shales  with  some  layers  of  thin,  gray 

sandstone,  varying  in  thickness  from  4 

feet  to  4  feet  1  inch 4  90         4 

5.     Gray,   medium-grained  sandstone,   varying 

in  thickness  from  13  to  15  inches.     Base 

of  Euclid  lentil 1          1  86          4 

4.     Blue,   argillaceous  shale  which  splits  into 

thin  pieces.     Very  near  the  base  of  the 

zone  the  shale  is  a  little  coarser  and 

fairly  fossiliferous 39  85          3 

3.    Cleveland  shale.    Contact  of  Cleveland  shale 

and  Bedford  formation  is  well  shown. 

The     shale     is    mainly   black    and   on 

weathering  splits  into  thin  pieces  that 

are  often  of  rusty  color  outside,  but  black 

within.     There  are  thin  zones  on  surface 

of  the  shale  bank  which  are  grayish  or 

light  colored;  but  these  are  apparently 

mainly,  if  not  entirely,  due  to  weather- 
ing, since  on  digging  into  the  bank  the 

color  is  found  to  be  black.   The  thickness 

of  37£  feet  is  less  than  the  usual  thick- 
ness of  the  Cleveland  shale  in  Cleveland 

and  perhaps  the  entire  thickness  was  not 

obtained  in  this  cliff  which  is  not  easily 

measured 37          6  81          fl 

2.     Thin-bedded,  micaceous    sandstone    in   the 

lower  part  of  the  cliff  near  its  north- 
western end  which  is  considered  the  top 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft          In. 

of  the  Chagrin  formation.  Below  are 
grayish  to  bluish-gray,  soft  shales  with 
an  occasional  thin  layer  of  brownish- 
black  to  black  shale,  all  of  it  alternating 
with  thin,  grayish,  micaceous  sandstone. 
At  this  end  of  the  cliff  about  5  feet  is 
shown  above  the  Boulevard,  while  below 
the  rock  is  mainly  covered  until  Doan 

Brook  is  reached 5        __  44 

1.  The  base  of  the  section  is  the  bed  of  Doan 
Brook  about  opposite  the  northwestern 
end  of  the  cliff  and  most  of  this  zone  is 
concealed  by  soil  until  the  brook  is 
reached  in  which  are  typical  exposures 
of  the  Chagrin  formation  39  __  39 

The  base  of  zone  No.  5  has  been  taken  as  the  base  of  the  Euclid 
lentil  on  account  of  its  thickness,  which  is  greater  than  a  foot.  The 
overlying  8  feet  2  inches  consists  largely  of  shales,  with  the  exception 
of  a  sandstone  stratum  near  the  middle  about  8  inches  in  thickness, 
and  on  this  account  perhaps  it  would  be  as  well  to  consider  the  base  of 
zone  No.  9,  which,  so  far  as  exposed,  consists  of  fairly  thick-bedded 
sandstone,  as  the  base  of  the  lentil. 

From  the  harder  layer  very  near  the  base  of  the  Bedford  formation 
(near  the  base  of  zone  No.  4  of  the  section)  the  following  species  were 
collected : 

1.  Palaeoneilo  bedfordensis  Meek (c)1 

2.  Orbiculoidea  sp. (rr) 

Small  form  which  has  been  referred  to  0.  newberryi  Hall  in  the 
Bedford  lists;  but  probably  is  more  nearly  related  to  0. 
herzeri  Hall  and  Clarke. 

3.  Lingula  sp. (rr) 

Large  specimen  badly  crushed  and  distorted  which  is  larger 
than  L.  membranacea  Winch. 

4.  Chonetes  sp (rr) 

Specimens  too  poorly  preserved  for  specific  identification. 

5.  Cypricardella  bellistriata  (Con.) (rr) 

6.  (?)  Modiellasp (rr) 

Two  small  and  imperfect  specimens  which  resemble  some- 
what M.  pygmace  (Con.);  but  they  are  smaller  than  nor- 
mal specimens  of  that  species. 


'In  this  list  and  the  following  ones  the  letter  or  letters  following  the  name 
of  a  species  indicate  its  abundance  at  that  locality.  The  letters  used  with  their 
significance  are  given  below: 

aa=  very  abundant. 
a=  abundant. 
c  =  common, 
r  =  rare. 
rr=  very  rare. 


38  DEVONIAN  AND  MISSISSIPPIAN 

7.     Goniatites  sp (rr) 

A  single  fragment;  but  apparently  similar  to  the  one  from  the 
Bedford  figured  by  Herrick  in  Geol.  Surv.  Ohio,  Vol. 
VII,  pi.  XX,  fig.  5. 

A  loose  exfoliated  specimen  of  Parallelodon  hamiltonice  Hall, 
apparently  from  the  thin  sandstones  a  little  higher  in  the  cliff  was  also 
obtained. 

Just  north  of  the  New  York,  Chicago  and  St.  Louis  Railroad, 
Cedar  Avenue  is  followed  by  the  Gates  Mill  cars  of  the  Eastern 
Ohio  Traction  Co.,  and  not  far  from  the  section  just  described, 
it  affords  fair  exposures  of  the  Chagrin  formation,  Cleveland  shale  and 
Euclid  lentil  of  the  Bedford  formation  as  it  passes  from  the  lower  to 
the  higher  ground.  The  soft  bluish-gray  shales  of  the  Chagrin  forma- 
tion may  be  seen  on  the  banks  of  Doan  Brook  nearly  opposite  the  south- 
ern part  of  the  campus  of  Case  School  and  in  the  lower  cuttings  of 
Cedar  Avenue.  Next  higher  comes  the  Cleveland  shale,  which  is  best 
seen  in  the  cuttings  by  the  side  of  the  avenue,  while  on  the  higher  ground 
and  capping  the  terrace  is  the  Euclid  lentil  of  the  Bedford  formation 
composed  of  shales  and  sandstones.  The  sandstones  and  alternating 
shales  of  the  Euclid  lentil  are  shown  in  the  trench  by  the  side  of  the 
avenue  while  on  the  higher  ground  a  short  distance  from  the  street 
the  Euclid  sandstones  have  been  quarried  to  some  extent.  These  ex- 
posures of  the  Chagrin  formation,  Cleveland  shale  and  Euclid  lentil 
of  the  Bedford  formation  can  be  plainly  seen  from  the  cars  of  the  East- 
ern Ohio  Traction  Co.  en  route  to  Gates  Mill,  Chardon  or  Middlefield. 

Above  the  Euclid  sandstone  is  red  Bedford  shale  as  was  clearly  shown 
in  the  summer  of  1906  in  the  grading  by  the  Eastern  Ohio  Traction  Co. 
for  its  Gates  Mill  division  on  Cedar  Avenue  and  Mayfield  Road.  The 
red  shale  was  shown  for  a  considerable  distance  near  the  surface  where 
the  track  was  being  lowered.  On  higher  ground,  and  also  on  the  high- 
way, the  Berea  grit  occurs. 

Doan  Brook  was  followed  up  stream  and  not  many  rods  above 
the  foot  of  the  Ambler  Boulevard  cliff  section,  which  has  just  been  de- 
scribed, the  top  of  the  Chagrin  formation  is  shown  on  the  west  bank  of 
the  brook  capped  by  the  Cleveland  shale  and  a  little  farther  up  is  a 
small  cascade  in  the  face  of  which  the  contact  of  these  two  formations 
occurs.  The  barometer  gave  the  contact  as  20  feet  higher  than  the  bed 
of  the  brook  at  the  base  of  the  Ambler  Boulevard  cliff  section  which 
would  indicate  a  southerly  dip  of  about  24  feet  in  that  distance.  The 
western  bank  is  steep  above  the  cascade  and  affords  a  good  opportunity 
to  measure  the  entire  Cleveland  shale,  the  top  of  which  is  reached  a 
little  below  that  street  and  Indian  Fort. 
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Total 


Section  of  Doan  Brook  Bank  below  Indian  Fort. 

No.  Feet.     Feet. 

Top  of  western  bank  at  Indian  Fort. 

4.  Euclid  lentil  of  Bedford  formation.     Partly  covered,  but  so 

far  as  shown  mainly  medium-grained,  light-gray  sand- 

stone ________________________________________________     23        80 

3.  Blue,  argillaceous  shale  _________________________________      ST      57 

2.  Cleveland  shale.     Black,  bituminous  shale  with  the  excep- 

tion that  in  the  lower  part  is  an  occasional  thin  layer 

of  light-gray,  soft,  argillaceous  shale  _________________     5lf      53j 

1.     Top  of  Chagrin  formation  in  face  of  small  cascade  in  Doan 

Brook.     Soft,  argillaceous,  bluish-gray  shale  __________       1^         1£ 

Continuing  up  Doan  Brook  the  banks  are  partly  covered  by  soil 
and  there  is  a  completely  covered  interval  for  several  rods  extending 
nearly  to  the  stone  arch  bridge  where  the  street  crosses  the  brook  near 
Ambler  Heights.  Bluish-gray  sandstones  and  shales  are  shown  on  the 
eastern  bank  just  below  and  above  the  stone  bridge.  At  the  base  is  an 
8-inch  .  sandstone  which,  if  it  be  the  lowest  sandstone  layer  in  the  Euclid 
lentil,  is  3  feet  9  inches  above  the  base  of  the  Bedford  formation.  The 
quarry  stone  of  the  Euclid  lentil  is  well  shown  on  the  bank  above  the 
stone  bridge,  which  also  forms  a  small  fall  in  the  brook  and  a  little 
farther  up,  on  the  western  side,  was  formerly  quarried.  The  upper 
part  of  the  eastern  bank  at  Ambler  Heights  shows  the  reddish,  argil- 
laceous shale  of  the  Bedford  formation,  which  apparently  underlies 
some  portion  of  this  territory.  This  section  is  interesting  since  it  gives 
the  approximate  thickness  of  the  Euclid  lentil  of  the  Bedford  formation. 

Section  of  Doan  Brook  Bank  from  the  Stone  Bridge  to  Ambler  Heights. 

Thickness.  Total 

Xo.  thickness. 

Ft.         In.  Ft.         In. 

5.  Reddish  or    chocolate  colored,  soft,  argil- 

laceous shale  of  the  Bedford  formation, 
forming  upper  part  of  the  bank.  Lower 
part  of  zone  also  composed  of  soft,  ar- 
gillaceous shale;  but  it  weathers  to  a 
buff  color  _____________________________  8  9  54  +  __ 

4.  Mainly  bluish-gray,  arenaceous  shales  and 

sandstones  which  are  thin,  none  of  them 

much  more  than  4  inches  in  thickness..-     12          2  45          5 

3.  Top  of  Euclid  lentil  of  Bedford  formation. 

Composed  mainly  of  gray  to  bluish-gray, 
fine-grained  sandstone  or  freestone. 
There  are  some  thin  shale  partings 
principally  in  the  lower  part  and  the 
greater  portion  above  the  lower  2i  feet 
is  fairly  thick-bedded,  massive  sand- 
stone. One  layer  near  the  top  is  2  feet  8 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

inches  in  thickness.    This  zone  is  shown 

on  the  bank  above  the  stone  bridge 23          3  33          3 

2.     Composed  principally  of  bluish-gray,  rather 

arenaceous  shale  containing  thin  layers 

of  sandstone.      Near  the  middle  of  the 

zone  one  layer  of  sandstone  is  5  inches 

thick.     Part  of  this  zone  is  shown  just 

above  the  bridge  and  all  of  it  just  below.      9          4  10 

1.     Gray,  sandstone  layer  which  is  perhaps  the 

lowest  sandstone  in  the  Euclid  lentil  _____          8  8 

The  above  section  gives  33  feet  3  inches  of  rocks  belonging  in  the 
Euclid  lentil  below  which,  at  least,  is  the  zone  of  blue;  argillaceous 
shale,  3  feet  9  inches  in  thickness  in  the  lower  sections  of  Doan  Brook, 
before  reaching  the  Cleveland  shale,  which  indicates  that  at  least  37 
feet  of  the  Bedford  formation  is  shown  on  Doan  Brook.  The  top  of 
the  Euclid  lentil  is  drawn  where  the  massive  sandstone  ends  and  the 
superjacent  zone,  containing  more  shale  than  sandstone,  begins.  This 
line  of  division  between  the  massive  sandstones  and  the  succeeding 
bluish-gray  arenaceous  shales  containing  thin  sandstones,  none  of  which 
is  more  than  4  inches  in  thickness,  is  drawn  at  a  lithologic  change 
which  at  this  locality  is  fully  as  marked  as  the  boundary  between  many 
formations.  Likewise  the  bottom  of  the  Euclid  lentil  is  drawn  at  the 
base  of  the  lowest  sandstone  of  any  considerable  thickness,  below  which 
is  a  blue  argillaceous  shale  of  variable  thickness  in  the  Cleveland  region 
extending  down  to  the  top  of  the  Cleveland  shale. 

Euclid  Creek  and  Township  Sections* — Euclid  Creek,  like  Doan 
Brook,  is  not  a  tributary  of  the  Cuyahoga  River,  but  flows  into  Lake 
Erie.  This  creek  has  cut  a  deep  gorge  in  which  the  upper  part  of  the 
Chagrin  formation  is  admirably  shown  together  with  the  Cleveland 
shale,  Bedford  formation  and  Berea  grit.  On  account  of  these  excellent 
outcrops  which  admirably  supplement  the  exposures  already  described 
in  Cleveland,  the  gorge  of  Euclid  Creek  and  Township  will  be  considered 
before  continuing  with  the  Cuyahoga  Valley  southward  from  Cleveland. 

The  study  of  the  rocks  exposed  on  Euclid  Creek  began  at  the 
lower  end  of  the  gorge  at  the  stone  viaduct  just  west  of  Euclid.  Accord- 
ing to  the  Euclid  sheet  of  the  U.  S.  Topographic  Atlas  the  bed  of  the 
creek  at  this  locality  is  some  45  feet  higher  than  Lake  Erie.  The  creek 
has  cut  a  trench  about  7  feet  deep  just  below  the  viaduct  in  the  blue, 
soft,  argillaceous  shale  of  the  Chagrin  formation.  The  usual  calcare- 
ous lenticular  concretions  are  present.  This  small  trench,  and  the 
high  banks  farther  up  the  creek,  afford  an  excellent  opportunity  to 
examine  and  study  typical  outcrops  of  the  Chagrin  shale  at  a  locality 
which  is  readily  reached  from  the  traction  cars  of  the  Cleveland,  Paines- 
ville  and  Eastern  Railroad. 
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If  one  follows  the  lower  road  leading  up  Euclid  Creek  a  bank  of 
Chagrin  shale  some  60  feet  high  is  soon  reached  on  the  western  side  of 
the  stream,  a  short  distance  above  the  first  iron  bridge.  The  bank  is 
composed  almost  entirely  of  blue,  very  soft,  argillaceous  shale  with  an 
occasional  layer  of  lenticular  concretions  which  are  somewhat  cal- 
careous and  on  weathering  become  rusty  in  color  on  the  outside.  The 
bank  is  steep  with  almost  smooth  surface,  which  is  broken  only  by  the 
calcareous  layers.  Apparently  all  the  rock  of  this  bank  belongs  in  the 
upper  part  of  the  Chagrin  formation,  with  the  exception  of  the  over- 
lying drift  and  soil. 

On  the  eastern  side  of  the  creek  above  the  second  iron  bridge  cross- 
ing it  and  below  its  principal  eastern  branch  is  a  still  higher  bank  of  the 
Chagrin  shale  capped  by  the  tougher  Cleveland  shale.  This  is  an  ad- 
mirable exposure  showing  fully  70  feet  of  Chagrin  shale  conspicuously 
capped  by  5  feet  or  more  of  the  Cleveland  shale.  The  topographic 
map  apparently  gives  the  height  of  this  cliff  as  some  120  feet;  conse- 
quently the  above  estimate,  not  measurement,  of  the  thickness  of  the 
shales  is  probably  too  small.  The  Chagrin,  like  that  of  the  lower 
cliff,  is  composed  of  soft  shales  with  an  occasional  thin,  harder  layer. 
These  banks,  although  probably  not  so  high  as  those  of  the  Chagrin 
River  from  which  locality  the  formation  has  been  named,  nevertheless 
furnish  fully  as  good  an  opportunity  for  studying  its  characteristics. 

Another  excellent  outcrop  is  farther  up  the  creek  on  its  eastern 
bank,  below  Dr.  Corlett's  house,  where  there  is  a  steep  cliff  showing 
110  feet  of  Chagrin  capped  by  33  feet  of  Cleveland  shale  as  measured 
by  an  assistant,  Mr.  William  C.  Morse.  As  the  Cleveland  shale  is 
tougher  than  the  Chagrin,  when  it  overlies  the  latter  it  usually  forms  the 
steeper  part  of  the  cliff  which  also  projects  slightly  at  the  sharp  line  of 
contact.  These  characteristics  are  beautifully  shown  in  this  cliff  and 
may  be  seen  in  the  accompanying  half-tone  of  this  bank  in  Plate  II. 

The  base  of  the  Cleveland  shale  occurs  near  the  bottom  of  the 
western  bank  of  the  creek  about  2}  miles  above  the  stone  viaduct  at 
Euclid  and  a  short  distance  below  the  C.  H.  Burgess  quarry,  which  is 
the  northern  one  of  the  series  of  quarries  located  on  its  bank.  The 
barometer  gave  the  contact  of  these  two  formations  as  160  feet  higher 
than  the  bed  of  Euclid  Creek  at  the  stone  viaduct,  all  of  which  belongs 
in  the  upper  portion  of  the  Chagrin  formation.  The  top  of  the  Cleve- 
land formation  occurs  only  a  few*  rods  farther  south  on  the  same  bank 
and  it  is  composed  essentially  of  rather  thick  bituminous  black  shale. 
The  barometer  gave  a  thickness  of  60  feet  for  the  Cleveland  shale  on 
this  bank,  while  by  hand  level  Dr.  Wilkinson  made  it  58  feet  3  inches. 
Dr.  Newberry  in  his  "Section  on  Euclid  Creek"  gave  the  thickness  of 
No.  4  as  60  feet  which  he  described  as  "Black  bituminous  shale  (Cleve- 
land shale),  source  of  oil  and  gas."1  Within  about  two  feet  of  its  top, 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  198. 
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specimens  of  Lingula  were  found,  although  not  in  any  particular 
abundance.  Some  of  them  are  probably  identical  with  those  re- 
ported from  the  Cleveland  shale  by  Prof.  R.  P.  Whitfield  as  Lingula 
melie  Hall.1  After  studying  a  large  number  of  specimens  of  this  species 
from  the  typical  localities  of  Chagrin  Falls  and  Berea  the  writer  is 
convinced  that  these  specimens  from  Euclid  Creek  can  not  be  dis- 
tinguished from  L.  melie  Hall.  They  clearly  show  the  flattened  space 
which  extends  from  the  umbo,  gradually  widening,  to  the  ventral  mar- 
gin. Exfoliated  specimens  also  show  the  radiating  striae  and  other 
characters  which  Hall  gave  in  the  description,  and  again  the  size  and 
outline  agree  with  the  majority  of  the  Chagrin  Falls  specimens.  It  is 
to  be  remembered,  however,  that  Professor  Williams  reported  "Lingula 
spatulata  third  variety,  in  the  Cleveland  shale"  in  his  Painesville,  Ohio, 
section,  which  he  evidently  considered  as  the  characteristic  species  of 
the  black  shale  fauna  that  he  named  B3.2 

In  addition  to  Lingula  melie  Hall  in  the  Cleveland  shale,  Professor 
Whitfield  also  reported  L.  cuyahoga  Hall,  Discina  [Orbiculoidea]  new- 
berryi  (Hall),  and  "a  pointed  Lingula,  apparently  undescribed."3 

The  Cleveland  shale  on  this  bank  is  directly  succeeded  by  sandy 
deposits  instead  of  the  fine,  blue  shales  noted  in  the  Cleveland  sections 
at  the  base  of  the  Bedford  formation.  The  lower  sandstones,  which 
are  not  very  thick,  contain  a  considerable  amount  of  marcasite  and 
alternate  with  arenaceous  shales.  On  this  bank  28  feet  of  the  Bedford 
formation  was  measured  from  the  top  .of  the  Cleveland  shale  to  the 
highest  outcrop  on  the  bank  below  the  office  of  Mr.  C.  H.  Burgess. 
The  major  part  of  the  rock  is  fine-grained  sandstone,  although  in  the 
lower  part  of  the  member  it  alternates  with  considerable  shale.  Just 
a  short  distance  south  of  the  office  is  the  C.  H.  Burgess  quarry,  which 
is  worked  entirely  for  crushing  since  the  sandstone  is  too  much  shattered 
to  be  used  for  either  building  or  flagging. 

Some  rods  farther  up  Euclid  Creek  is  a  fall  and  at  this  locality  on  the 
eastern  bank  just  above  the  fall  the  upper  portion  of  the  Cleveland  shale 
and  the  lower  part  of  the  Bedford  formation  may  be  readily  examined. 
The  contact  is  finely  shown  and  the  base  of  the  Bedford  formation 
resting  directly  on  the  Cleveland  black  shale  is  a  sandy,  perhaps  slightly 
calcareous,  layer  from  3  to  3J  inches  in  thickness  which  in  its  upper 
part  contains  a  considerable  fauna  composed  principally  of  Pelecypod 
shells,  but  with  a  few  specimens  of  Gastropods  and  Cephalopods.  Al- 
though some  search  was  made  in  the  overlying  rocks  no  fossils  were 
found.  In  its  position  it  is  quite  similar  to  that  at  the  base  of  the 


.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  128. 

2Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXIV,  1886,  p.  226  and  section  II  of  the 
Chart  of  "Meridional  sections  of  the  upper  Devonian  deposits  of  New  York,  Penn- 
sylvania and  Ohio." 

3Loc.  cit. 
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Bedford  shale  in  central  Ohio.     The  following  species  were  collected 
from  this  layer  at  this  locality: 

1.  Palseoneilo  bedfordensis  Meek --     (a) 

2.  Parallelodon  hamiltoniae  (Hall) (c) 

These  specimens  are  apparently  identical  with  the  one  repre- 
sented by  fig.  7,  pi.  51,  Lamellibranchiata  II,  pt.  I,  Vol. 
V,  Pal.  N.  Y.,  concerning  which  Professor  Hall  on  p.  350  re- 
ported that  "A  form  undistinguishable  from  this  species 
occurs  in  the  soft  shales  at  Bedford,  Cuyahoga  County, 
Ohio." 

3 .  Loxonema  sp (rr) 

This  is  apparently  the  one  listed  as  resembling  L.  delphicola 
Hall  by  Professor  Herrick.  An  Ohio  specimen  was  com- 
pared with  the  types  of  this  species  in  the  New  York 
State  Museum.  In  general  appearance  and  size  it  agrees 
fairly  well  with  the  original  of  fig.  15,  pi.  28,  pt. 
II,  Vol.  V,  Pal.  N.  Y.,  from  the  Hamilton  of  Pompey 
Hill,  N.  Y.,  and  also  with  the  original  of  fig.  2,  pi.  14, 
from  the  Hamilton  of  Bellona,  N.  Y.  Some  of  the 
radiating  lines  (striae)  are  preserved  on  the  body  whorl 
of  the  Ohio  specimen  which  are  of  about  the  same 
strength  as  on  the  New  York  types.  It  is  not  clear, 
however,  that  the  Euclid  specimen  has  the  prominent 
sutural  band  of  L.  delphicola  Hall,  while  it  is  more  robust 
than  most  of  the  New  York  specimens  of  this  species,  so 
that  it  does  not  appear  safe  to  list  it  as  L.  delphicola 
although  it  may  be  identical  with  that  species. 

4.  Bellerophon  sp. (r) 

Perhaps  the  same  as  the  one  identified  by  Professor  Herrick 
as  B.  helena  Hall;  but  his  figure  (Geol.  Surv.  Ohio,  Vol. 
VII,  pi.  20,  fig.  11)  does  not  closely  resemble  that  species. 
Did  not  find  any  species  among  the  New  York  types 
that  agrees  with  these  specimens.  It  is  not  B.  helena  Hall 
which  has  a  median  dorsal  band  while  the  Euclid  speci- 
mens are  without  one.  The  lines  (striae)  on  the  Euclid 
specimens  run  directly  across  the  whorl  without  any 
interruption,  although  they  are  of  about  the  same  strength 
as  those  of  B.  helena. 

5.  (?)  Pleurotomaria  sp (r) 

Apparently  specimens  similar  to  the  form  identified  by  Pro- 
fessor Herrick  as  F.  sulcomarginataCon.  (see  Geol.  Surv. 
Ohio,  Vol.  VII,  pi.  20,  fig.  14);  but  it  is  not  that  species. 
Euclid  specimens  were  also  compared  with  types  of  P.  itys 
Hall  and  P.  capillaria  Con.;  but  they  do  not  appear 
to  belong  to  either  of  these  species.  The  revolving  and 
radiating  lines  (striae)  on  P.  itys  are  beautifully  cancel- 
lated by  crossing  each  other,  which  is  not  shown  on  these 
specimens.  The  upper  line  of  the  body  whorl  of  the 
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Euclid  specimens  is  nearer  a  right  angle  like  Cyclonema 
hamiltonice  Hall;  but  they  have  heavy  revolving  beaded 
lines  (striae)  like  P.  sulcomarginata  Con.  The  slope  on 
the  upper  part  of  the  whorl  of  Pleurotomaria  is  more  grad- 
ual than  on  that  of  these  specimens. 

6.  Microdon  sp (rr) 

This  specimen  is  probably  similar  to  or  identical  with  the  form 
identified  by  Professor  Herrick  as  M.  bellistriatus  Con. 
(Geol.  Surv.  Ohio,  Vol.  VII,  pi.  20,  fig.  9);  but  the  lines 
(striae)  appear  finer  than  on  that  species.  The  specimen 
was  compared  with  types  of  M .  gregarius  Hall,  M.  ten- 
uistriatus  Hall,  M.  complanatus  Hall,  and  M.  bellistriatus 
Con.  and  it  evidently  does  not  belong  to  any  one  of  these 
species.  It  appears  similar  to  M.  reservatus  Hall  from 
the  Waverly  of  Licking  County,  Ohio. 

7.  Orthoceras  sp. (rr) 

8.  (?)  Orthissp.  (rr) 

9.  Orbiculoidea  sp (rr) 

Very  small  specimen. 
10.     (?)  Goniatitessp (rr) 

Dr.  Newberry  noted  that  fossils  were  most  abundant  in  the  basal 
part  of  the  Bedford  shale  as  may  be  seen  from  the  following  quotation: 

"The  fossils  are  most  abundant  in  that  portion  which  rests  immedi- 
ately upon  the  black  shale  below,  and  here  they  are  sometimes  so 
numerous  as  to  form  a  larger  part  of  the  mass. 

"The  following  are  some  of  the  fossils  derived  from  this  horizon: 
Syringothyris  typa,  Win.;  Orthis  Michelini,  Lev.;  Spiriferina  solidi- 
rostris,  White;  Macrodon  Hamiltonice,  Hall;  Hemipronites  crenistria, 
Phil;  Chonetes  Logani,  Hall;  Lingula  Cuyahoga,  Hall;  Rhynchonella  Sag- 
erana,  Win. 

"In  this  list  there  are  several  which  have  peculiar  interest  and  sig- 
nificance, Syringothyris  typa  and  Spiriferina  solidirostris,  for  example, 
from  the  fact  that  they  are  characteristic  of  the  Lower  Carboniferous 
rocks  of  other  States,  while  Orthis  Michelini  is  common  to  the  Car- 
boniferous all  over  our  country  and  in  Europe."1 

Four  years  later  Dr.  Newberry  stated  that  "The  Bedford  shale 
contains  in  some  places  great  numbers  of  fossils,  among  which  may  be 
mentioned  Syringothyris  typa,  Spiriferina  solidirostris,  Orthis  Michelini, 
Rhynchonella  Sagerana,  Chonetes  Logani,  etc.,  all  Lower  Carboniferous 
species."2 

Prof.  C.  L.  Herrick  studied  to  some  extent  the  fossils  of  the  Bed- 
ford shale  and  published  a  list  of  17  species.3 

Later   Dr.   Clinton   R.   Stauffer  studied  the    fauna    at  the  base 

'Geol.  Surv.  Ohio,  Vol.  II,  1874,  pp.  91,  92. 
2Ibid.,  Vol.  Ill,  p.  23. 
8Am.  Geologist,  Vol.  Ill,  1889,  p.  97,  pi.  4. 
Geol.  Surv.  Ohio,  Vol.  VII,  pt.  II,  1895,  p.  507,  pi.  20. 
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of  the  Bedford  shale  as  found  on  Rocky  Fork,  near  Gahanna,  in  central 
Ohio.  On  May  13,  1908,  he  wrote  as  follows:  "This  much,  however, 
seems  certain;  that  it  is  a  Mississippian  fauna  and  that  it  is  allied  to 
similar  faunas  of  the  Mississippi  basin,  Dr.  Weller's  Glen  Park  fauna 
for  instance.  That  it  is  related  to  the  Hamilton  cannot  be  denied;  but 
it  is  one  of  those  recurrent  faunas  which  comes  back  much  changed, 
indeed  a  new  fauna." 

The  following  is  the  list  of  species  from  this  locality  as  identified 
by  Dr.  Stauffer: 

1.  Productella  cf.  concentrica  Hall 

2.  Syringothyris  sp. 

Probably  the  one  Professor  Schuchert  called  S.  carteri  (Hall) 

3.  Orbiculoidea  newberryi  Hall 

4.  Rhipidomella  cf .  missouriensis  (Swallow)  Hall  and  Clarke 

5.  Nucleospira  cf.  minima  Weller 

6.  Schuchertella  chemungensis  (Con.)  Girty 

7.  Amboccelia  umbonata  (Con.)  Hall  (?) 

8.  Lingula  meeki  Herrick  (?) 

9.  Microdon  cf.  reservatus  Hall 

10.  Nucula  cf.  glenparkensis  Weller 

11.  Parallelodon  hamiltoniae  Hall 

12.  Palaeoneilo  bedfordensis  Meek 

13.  Bellerophon  jeffersonensis  Weller  1 

Immediately  above  the  3-inch  fossiliferous  layer  at  the  base  of  the 
Bedford  formation  occurs  a  6-inch  layer  of  bluish-gray,  argillaceous 
shale  and  above  this  layer  on  the  eastern  bank  is  8  feet  of  argillaceous 
and  arenaceous  shale  alternating  with  thin  sandstones,  the  thickest  of 
which  is  only  about  6  inches,  and  the  shale  predominates. 

The  western  bank  at  the  fall  is  higher  than  the  eastern  and  the 
following  section  succeeding  the  Cleveland  shale  was  measured  on 
this  bank.  The  lower  part  of  the  Bedford  dips  steeply  away  from  the 
creek  and  although  somewhat  difficult  of  access  it  is  thought  that  the 
measurement  is  approximately  correct.  Some  of  the  layers  of  sand- 
stone show  excellent  examples  of  mud-flows  and  numerous  ripple  marks. 

Section  of  Western  Bank  of  Euclid  Creek  at  the  Fall. 

Thickness.  Total 

No.  •  thickness. 

Ft.         In,  Ft.         In. 

5.  Euclid  lentil  of  Bedford  formation.  Top  of 
bluff  by  side  of  railroad  track.  Princi- 
pally layers  of  sandstone  which  are  not 
so  thick  as  those  below 13  10  41  —  _. 

4.  Massive  layer  of  bluish-gray,  fine-grained 

sandstone  _.  3  10  '  27 


this  bulletin  is  passing  through  the  press  the  writer  has  read  the  MS.  of 
a  paper  by  Dr.  Girty  on  "The  Geologic  Age  of  the  Bedford  Shale  of  Ohio,"  which 
will  appear  in  the  Annals  of  the  New  York  Academy  of  Sciences.  More  than  forty 
species  and  varieties  are  listed  in  this  fauna  which  Dr.  Girty  states  has  %<a  distinctly 
Devonian  facies." 
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Thickness.  Total 

No.  ,  thickness. 

Ft.        In.  Ft.          In. 

3.  Massive,  bluish-gray  sandstone  in  upper 
part  of  zone,  but  the  lower  layers  are 
thinner  bedded,  varying  from  8  to  10 
inches  in  thickness 8  10  23  2 

2.  Argillaceous  and  arenaceous  shales  alternat- 
ing with  thin,  grayish  sandstones 14  4  14  4 

1.  Top  of  Cleveland,  shale,  which  now  forms  the 
fall. 

The  zone  of  shales  and  thin  sandstones,  No.  2  of  the  section,  does 
not  contain  sandstones  of  sufficient  thickness  to  be  quarried  and  this 
has  been  excluded  from  the  Euclid  lentil.  On  this  basis  in  the  above 
section  there  is  26J  feet  which  may  be  referred  to  the  Euclid  lentil. 

Near  the  northern  end  of  the  first  Maxvill  and  Rolf  quarry,  not  far 
south  of  this  cliff,  the  top  of  the  massive  zone  is  overlain  by  12J  feet 
of  thinner  bedded,  bluish-gray  sandstone.  In  this  cliff  there  is  13  feet 
10  inches  of  thinner  bedded  sandstone  overlying  the  massive  stratum, 
and  although  it  will  be  shown  later  that  farther  south  in  the  Maxvill 
and  Rolf  quarry  the  lower  portion  of  these  thinner  sandstones  becomes 
massive  and  the  dip  is  southerly  still  it  is  thought  that  the  top  of  this 
cliff  reaches  about  to  the  top  of  the  sandstone  zone  and,  therefore, 
that  the  thickness  of  the  Euclid  lentil  at  its  typical  locality  is  not  much 
more  than  26J  feet.  Dr.  Newberry  in  his  "Section  on  Euclid  Creek" 
gave  20  feet  for  No.  3  which  was  described  as  "blue,  fine-grained  sand- 
stone with  oil  and  gas;  quarried"1  and  evidently  corresponds  to  the 
Euclid  sandstones,  which  apparently  favors  the  above  delimitation  of 
the  Euclid  lentil.  Apparently  he  overlooked  the  14J  feet  of  shales 
and  thin  sandstones  between  the  base  of  the  quarry  stone  and  the  top 
of  the  Cleveland  shale,  since  there  is  no  reference  to  it.  Above  the 
sandstone  zone  was  given  blue  Bedford  shale;  but  without  stating  its 
thickness. 

The  eastern  wall  of  the  northern  and  older  part  of  the  Maxvill 
and  Rolf  quarry,  which  is  not  far  south  of  the  above  section,  was  partly 
measured. 

Section  of  Eastern  Wall  of  Maxvill  and  Rolf  Quarry. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.         In. 

3.  Bedford  formation.  Mainly  bluish  shale 
but  with  some  layers  of  thin  sandstone, 
the  thickest  perhaps  3  inches.  This 
zone  was  not  measured,  but  probably 
some  12  feet  of  shale  is  shown.  _  12  ±  301=*=.. 
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Thickness.  Total 

No  thickness. 

Ft.        In.  Ft.          In. 

2.  Top  of  Euclid  lentil.    Thinner  bedded,   as 

compared  with  subjacent  layers,  bluish- 
gray,  fine-grained  sandstone.  Some  of 
the  layers  of  sandstone  in  this  zone  are 
undulating  with  something  of  a  concre- 
tionary structure 12  4  18  5 

1.  Massive,  bluish-gray  stratum  of  fine-grained 
sandstone  which  is  6  feet  1  inch  thick. 
Near  base  of  this  part  of  the  quarry 
as  now  exposed 6  1  6 

Section  of  Southern  Wall  of  the  same  Maxvill  and  Rolf  Quarry.  • 

Thickness.  Total 

No  thickness. 

Ft.         In.  Ft.         In. 

7.    Mainly  bluish  shale,  but  not  measured. 

6.  Top  of  Euclid  lentil  of  Bedford  formation. 
Bluish-gray  not  very  thick-bedded  sand- 
stone with  some  shale 3  8  24 

5.  This  zone  is  composed  principally  of  shale, 

but  there  are  some  thin  sandstones 35  20  5 

4.  Heavy-bedded,  massive,  blue  sandstone, 
which  is  above  the  6-foot  massive  stra- 
tum described  in  the  northern  part  of 
this  quarry.  This  zone  is  quarried 69  17 

3.  Massive  stratum  of  bluish  -  gray,  fine- 

grained sandstone,  known  as  "blue- 
stone"  which  is  7  feet  in  thickness.  This 
is  quarried  for  building  stone  and  similar 
uses  and  is  readily  sawed  into  blocks  to 
be  used  for  various  purposes 7  10  3 

2.     Blue  shale 11       .       3          3 

1.  Blue  sandstone  which  extends  to  the  bottom 
of  the  quarry  as  now  worked.  A  quarry- 
man  stated  that  altogether  they  worked 
14  feet  of  solid  stone  at  this  end  of  the 
quarry  ___ 24  4 

In  Plate  III,  showing  the  upper  part  of  this  section,  the  top  of  the 
massive  stone  is  evident  and  indicated  by  the  lower  line;  the  top  of  the 
Euclid  lentil  is  shown  by  the  upper  line  above  which  is  the  bluish  shale. 

In  the  southern  wall  of  this  quarry  overlying  the  massive  7-foot 
stratum  is  13  feet  10  inches  of  rock  before  reaching  the  top  of  the  Euclid 
lentil  and  on  the  eastern  wall  of  the  same  quarry  12  feet  4  inches  overlie 
the  6-foot  massive  stratum.  The  interesting  fact  to  note  in  this  con- 
nection is  the  rapid  thickening  in  that  short  distance  of  the  lower  por- 
tion of  the  overlying  sandstones,  so  that  at  the  southern  end  of  the 
quarry  there  is  an  additional  6  feet  9  inches  of  massive  sandstone  above 
the  massive  fi-  or  7-foot  stratum.  It  is  also  interesting  to  note  that  the 
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13  feet  10  inches  of  rock  from  the  top  of  the  7-foot  stratum  to  the  top 
of  the  Euclid  lentil  in  the  southern  wall  of  this  quarry  agrees  exactly 
in  thickness  with  the  upper  part  of  the  cliff  which  overlies  the  massive 
3-foot  10-inch  stratum  in  the  section  of  the  western  bank  of  the  creek 
opposite  the  fall. 

The  southern  wall  of  the  most  southerly  of  the  Maxvill  and  Rolf 
quarries,  now  abandoned,  shows  the  top  of  the  Euclid  lentil  not  far 
above  the  water  level  and  then  the  super jacent  bluish-gray  and  reddish 
Bedford  shale. 

Section  of  the  South  Wall  of  the  Maxvill  and  Rolf  Southern  Quarry. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

3.  Bedford  shale.  Apparently  some  blue  or  gray  shale  in  the 
upper  part,  but  mainly  reddish  shale  as  exposed  on  the 
bank.  Near  the  base  mottled  reddish  and  blue  shale. 
There  is  clearly  20  feet  of  this  shale  shown  on  the  wall 
of  the  quarry.  Broken  blocks  of  the  Berea  sandstone 
also  appear,  but  judging  from  the  leveled  section  to  the 
ledge  a  short  distance  south  of  the  top  of  the  quarry 
wall,  the  base  of  the  Berea  grit  must  be  about  10  feet 
higher,  hence  the  thickness  of  this  zone  is  given  as  30=*= 
feet 30±  55^ 

2.  Bluish-gray  shale  principally;  but  containing  occasional 

thin  layers  of  sandstone  25|  25| 

1.  Top  of  Euclid  sandstone',  bluish-gray  sandstone  which  is 
separated  from  the  overlying  shales  by  a  sharp  litho- 
logic  break. 

Dr.  Wilkinson  leveled  from  the  top  of  the  Euclid  sandstone  up 
to  the  Berea  ledge  and  obtained  56  feet.  The  base  of  the  Berea,  how- 
ever, is  not  clearly  shown  and  perhaps  this  56  feet  included  a  little  of 
the  lower  Berea  grit.  On  the  quarry  bank  by  tape  measure,  there  is 
clearly  shown  45J  feet  of  the  bluish-gray  and  reddish  Bedford  shale. 
Dr.  Newberry  in  his  "Section  of  the  Cliffs  at  East  Cleveland,"  which 
is  not  more  than  2J  miles  west  of  this  locality,  gave  above  the  blue 
sandstone  15  feet  of  blue  shale  and  38  J  feet  of  red  shale,  making  a  total 
of  53J  feet  of  shale  intervening  between  the  top  of  the  "blue  sandstone" 
(Euclid  lentil)  and  the  base  of  the  Berea  grit,1  which  is  only  2J  feet  less 
than  JDr.  Wilkinson's  leveled  interval  on  Euclid  Creek.  It  is  evident 
that  the  thickness  of  the  Bedford  shale  is  not  far  from  55  feet  in  this 
region.  Adding  the  41  feet  of  the  lower  part  of  the  formation  to  the 
thickness  of  this  shale,  it  is  found  that  the  thickness  of  the  Bedford  for- 
mation on  Euclid  Creek  lies  between  85J  and  96  feet,  and  probably 
nearer  the  greater  than  the  lesser  figure.  Dr.  Newberry  in  his  "Section 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 


as- 


CD      CD 


GEOLOGICAL  SURVEY  OF  OHIO.  49 

of  the  Cliffs  at  East  Cleveland"  gave  the  Bedford  shale  as  composed  of 
53 \  feet  of  blue  and  red  shale  with  20  feet  of  subjacent  blue  sandstone 
when  the  top  of  the  Cleveland  shale  was  reached.1  This  made  a  total 
thickness  of  73|  feet  for'  the  Bedford  formation;  but  apparently  Dr. 
Newberry  overlooked  the  14^  feet  of  shales  and  thin  sandstones  be- 
low the  quarry  stone  in  this  region  and  if  the  thickness  of  this  zone  be 
added  it  will  give  nearly  98  feet  for  the  complete  thickness  of  the  Bed- 
ford formation,  which  is  very  near  the  writer's  maximum  estimate  of  96 
feet  for  Euclid  Creek. 

Above  the  Maxvill  and  Rolf  quarries  is  something  of  a  gorge  where 
Euclid  Creek  has  cut  through  the  Berea  grit  although  it  is  not  nearly 
so  deep  as  the  one  farther  down  the  stream  in  the  Chagrin  and  Cleve- 
land shales.  Under  the  highway  bridge,  about  one-eighth  of  a  mile 
south  of  the  Maxvill  and  Rolf  quarries,  is  a  fall  and  a  little  below  are 
rather  steep  banks  in  the  Berea  grit.  The  lower  half,  in  which  small 
quarries  have  been  opened  on  the  bank  of  the  creek,  is  the  more  massive. 
Above  this  there  is  much  cross-bedding,  with  the  exception  of  a  few 
layers  at  the  top  of  the  formation  which  are  fairly  even-bedded.  The 
structure  of  the  formation  on  Euclid  Creek  is  very  similar  to  that  of 
the  Berea  on  Chippewa  Creek  in  the  vicinity  of  Brecksville,  which 
will  be  described  later.  The  top  of  the  Berea,  which  is  a  coarse-grained 
sandstone  with  its  upper  surface  very  much  pitted  from  the  disinte- 
gration of  nodules  of  iron  pyrites  or  marcasite,  forms  the  floor  of  Euclid 
Creek  not  many  rods  above  the  highway  bridge. 

The  layers  a  little  lower  show  numerous  ripple-marks.  Dr.  Wilkin- 
son leveled  the  interval  from  as  near  the  bottom  to  the  top  of  the  Berea 
as  it  could  be  determined  at  this  locality  and  made  the  thickness  about 
35  feet.  Dr.  Newberry  in  the  cliffs  at  East  Cleveland,  about  2J  miles 
to  the  west,  gave  the  thickness  of  the  exposed  Berea  grit  as  30  feet2  so 
that  the  above  measurement  is  not  far  from  correct. 

Before  continuing  with  the  description  of  the  rocks  shown  on  the 
upper  part  of  Euclid  Creek  a  section  of  the  Malone  Stone  Co.  quarry 
will  be  given  for  comparison  with  the  sections  of  the  Bedford  formation 
just  described  on  Euclid  Creek  or  in  the  quarries  adjacent  to  it.  This 
quarry  operated  by  the  Malone  Stone  Co.  was  formerly  known  as  the 
Euclid  bluestone  quarry  and  is  situated  about  one-fourth  mile  west  of 
the  C.  H.  Burgess  quarry  which  has  already  been  described. 

'Ibid.,  p.  197. 
2Ibid.,  p.  197. 
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Section  of  the  M alone  Stone  Co.  Quarry  and  Ridge  above  it. 

Thickness.  Total 

No.  thickness. 

Ft.         In,  Ft.         In. 

19.  Berea  grit.  Coarse-grained,  gray  sand- 
stone, which  weathers  to  a  buff  or  brown- 
ish-gray color  and  contains  many  rusty 
spots.  The  layers  are  more  or  less  thin 
and  much  shattered  by  nearness  to  the 
surface 21  6  76  9 

18.     Covered  interval  15  55          3 

17.  Bluish  to  bluish-gray  shales  alternating  with 
thin  sandstones.  Some  of  the  shales 
weather  on  the  surface  to  a  brownish 
color;  but  are  apparently  gray  on  break- 
ing    14  40  3 

16.  Top  of  Euclid  lentil  of  the  Bedford  forma- 
tion. Irregularly  bedded,  bluish-gray 
sandstone  with  more  or  less  shale 2  2  26  3 

15.     Layer  similar  to  above   1          7  24          1 

14.  Another  similar  layer  and  in  other  parts  of 
the  quarry  these  three  layers  have  con- 
cretionary structure  and  are  worthless 
for  quarry  stone 1  2  22  6 

13.  Main  part  of  quarry  begins  with  this  layer 
which  is  used  commercially,  although  it 
has  somewhat  irregular  structure 24  21  4 

12.     Layer   with   similar   structure   to   the   one 

above   1  19 

11.     Compact,  bluish-gray  sandstone 1          8  18 

10.     Bluish-gray  sandstone,  shale  parting  at  the 

base __        10  16         4 

9.     Bluish-gray  sandstone 18  15          6 

8.     Similar  layer __.      22  13        10 

7.  Ditto ._          5  11          8 

6.     Blue  argillaceous  shale   2  11          3 

5.     Blue  sandstone 9  11          1 

4.     Layer  similar  to  above  in  color  and  bottom 

of  quarry  as  worked  at  time  of  study. 
There  are  not  so  many  courses  in  all 
parts  of  the  quarry  as  have  been  listed 
above  in  this  section  and  the  layers  are 
thicker 1  9  10  4 

8.  Blue  stone;  the  thickness  and  description  of 

this  and  the  two  lower  layers  were  fur- 
nished by  the  quarryman 1  10  7 

2.  Hard  rock  with  shale  parting  at  base,  from 

5  to  6  feet  in  thickness 56  69 

1.  Bluestone.  (This  layer  is  undoubtedly  in 
the  Euclid  lentil,  the  base  of  which  is  not 
reached  in  this  section) 13  13 

According  to  the  quarryman  they  now  obtain  as  quarry  stone  about 
15  feet  from  this  quarry,  which  is  fine-grained  bluish-gray  to  gray  sand- 
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stone.  The  stone  is  sawed  into  flagging  principally;  but  it  is  also  used 
for  building  stone,  a  use  that  the  quarryman  states  is  increasing.  Some 
of  the  layers  show  excellent  examples  of  ripple-marks,  mud-flows  and 
worm  trails. 

In  the  above  section  the  top  of  the  Euclid  sandstone  is  reached 
with  No.  16,  and  all  of  the  subjacent  part  of  the  quarry  with  a  total 
thickness  of  26i  feet,  including  No.  16,  belongs  in  this  lentil.  Appar- 
ently none  of  the  shaly  zone  beneath  the  quarry  stone,  which  is  14J 
feet  thick  on  the  bank  of  Euclid  Creek,  is  included  in  the  above  section. 
If  this  be  added  to  the  26i  feet  of  the  above  section  which  belongs  in 
the  Euclid  lentil  it  will  give  a  thickness  of  40J  feet  for  the  lower  portion 
of  the  Bedford  formation  which  is  in  close  agreement  with  the  41  feet 
obtained  on  Euclid  Creek.  It  is  to  be  noted  that  in  the  Malone  Stone 
Co.  quarry  the  workable  part  of  it  begins  only  about  5  feet  below  the 
top  of  the  Euclid  lentil  while  in  the  southern  part  of  the  Maxvill  and 
Rolf  quarry  it  is  7  feet  below  and  in  the  older  part  of  the  quarry  on  the 
eastern  wall  it  was  12^  feet  before  the  massive  stratum  was  reached. 

This  sandstone  is  called  by  the  quarrymen  "Euclid  bluestone", 
is  so  known  in  the  trade  and,  as  has  already  been  shown,  both  Dr. 
Orton  and  Professor  Gushing  have  used  this  name  in  describing  it. 
This  sandstone  is  admirably  shown  on  Euclid  Creek  and  in  the  neighbor- 
ing quarries  in  Euclid  Township  and  for  this  reason  the  term  Euclid 
lentil  is  adopted  for  it.  In  defining  the  lentil  the  author  would  make 
its  base  coincide  with  the  base  of  the  continuous  sandstones  and  its 
top  wrhere  the  marked  lithologic  change  occurs  between  the  bluish 
fine-grained  sandstones  and  the  super jacent  blue  shales.  There  is  a 
shale  zone  below  of  variable  thickness.  As  has  been  shown  above, 
the  thickness  of  the  Euclid  lentil  in  its  typical  locality  is  about  26f 
feet,  while  the  thickness  of  the  entire  Bedford  formation  on  Euclid 
Creek  is  about  95  feet.  Apparently  there  is  a  marked  difference  in 
the  thickness  of  the  shale  succeeding  the  Euclid  lentil  and  forming 
the  upper  part  of  the  Bedford  formation  in  the  Maxvill  and  Rolf  and 
Malone  quarries.  In  the  former  it  apparently  varies  from  45J  to  56 
feet,  while  in  the  latter,  counting  all  of  the  covered  interval  beneath  the 
Berea  grit  as  Bedford  shale,  there  will  be  apparently  only  29  feet  of  the 
shale.  It  is  perhaps  possible  that  the  ledge  of  Berea  grit  has  crept 
down  the  slope  to  some  extent;  but  it  appears  to  the  writer  that  the 
Berea  grit  was  deposited  on  an  uneven  surface  due  to  former  erosion 
and  therefore  that  this  upper  shale  portion  of  the  Bedford  formation 
varies  considerably  in  thickness  at  different  localities. 

The  description  of  the  exposures  on  Euclid  Creek  will  now  be  continued. 
A  short  distance  above  where  the  top  of  the  Berea  grit  makes  its  floor,  on 
the  western  side  of  the  creek,  is  a  bank  of  black  shale  perhaps  8  feet  high. 
This  shale  is  exposed  occasionally  on  the  banks  of  the  creek,  although 
they  are  all  low,  until  the  east  and  west  highway  through  South  Euclid 


52  DEVONIAN  AND  MISSISSIPPIAN 

is  reached,  which  is  also  the  one  followed  by  the  cars  of  the  Eastern 
Ohio  Traction  Co.  for  Gates  Mill  and  Chardon.  Just  south  of  this 
road  is  a  bank  of  soft  argillaceous  shale,  bluish-black  to  blackish  in 
color,  which  weathers  to  a  bluish-gray  or  rusty  surface,  that  is  20  feet 
or  more  in  height.  The  slope  of  the  bank  is  smooth,  more  so  than  that 
of  the  Chagrin  shale,  since  there  are  no  thin,  harder  layers  projecting 
from  it.  From  the  foot  of  this  bank  to  the  top  of  the  Berea  grit  the 
barometer  gave  only  10  feet  fall,  which  is  pretty  surely  an  underesti- 
mate since  the  barometer  was  rising  and,  on  following  down  stream, 
would  read  less  than  the  actual  fall.  The  topographic  map  indicates 
a  fall  of  at  least  20  feet  in  this  distance.  However,  the  bank  above 
the  car  line  and  the  exposures  below  it  to  the  top  of  the  Berea  grit  give 
from  30  to  40  feet  of  this  black  or  bluish-black  soft  shale  with  no  indi- 
cations of  a  sandstone  zone  in  it.  It  will  be  seen  that  this  is  rather  un- 
usual when  other  exposures  of  the  black  shale  immediately  overlying 
the  Berea  grit  are  studied,  for  generally  from  about  5  to  15  feet  above 
the  top  of  the  Berea  grit  in  the  Cleveland  region  is  found  a  zone  of  sand- 
stone of  varying  thickness  and  massiveness.  The  stratigraphy  of  this 
shale  overlying  the  Berea  grit  will  not  be  carefully  considered  here; 
but  later  in  connection  with  other  sections  in  the  Cuyahoga  Valley  it 
will  be  fully  discussed.  Suffice  it  to  say  that  this  shale  belongs  in  the 
lower  part  of  the  formation  which  Newberry  in  1870  named  the  Cuya- 
hoga shale1  and  described  to  some  extent  in  his  "Report  on  the  Geology 
of  Cuyahoga  County,"  published  in  1873. 2  In  1880  Dr.  I.  C.  White  de- 
scribed the  formations  of  Mercer  county,  Pa.,  which  adjoins  Ohio  on 
the  east,  and  to  a  similar,  soft  blackish  shale,  which  is  stratigraphically 
higher  than  the  Berea  grit,  he  gave  the  name  of  Orangeville  shale  from 
exposures  on  the  Pymatuning  Creek  at  that  village  on  the  state  line.3 
Succeeding  these  shales  occurs  a  mass  of  bluish-gray,  fine-grained  sand- 
stones, lithologically  something  like  the  Euclid  sandstone,  which  he 
named  the  Sharpsville  sandstone  from  outcrops  near  the  town  of  that 
name  in  Mercer  County,  western  Pennsylvania.4 

It  will  be  shown  later  that  the  lower  part  of  Newberry's  Cuyahoga 
shale  is  largely  a  blackish  soft  shale  which  corresponds  closely  both 
stratigraphically  and  lithologically  with  the  Orangeville  shale  of  Dr. 
I.  C.  White.  The  soft  black  or  bluish-black  shale  described  above  on 
Euclid  Creek  is  referred  to  the  Orangeville.  The  creek  was  followed 
until  it  passed  beyond  the  limits  of  the  Euclid  quadrangle.  There  are 
occasional  banks  of  this  same  soft  blackish  shale  and  the  last  outcrops, 
beyond  the  limits  of  the  Euclid  quadrangle,  show  a  bluish-gray  shale, 
perhaps  some  is  blackish,  which  is  still  referred  to  the  Orangeville. 
There  are,  however,  occasional  thin  layers,  J  of  an  inch  or  so  in  thick- 

'Geol.  Surv.  Ohio,  Kept.  Prog.,  in  1869  (1870),  pt.  1,  p.  21. 
2Geol.  Surv.  Ohio,  Vol.  I,  pp.  185,  186. 
3Second  Geol.  Surv.  Pa.,  Q3,  1880,  p.  63. 
*Ibid.,  p.  61. 
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ness,  of  sandstone  or  arenaceous  shale  with  the  bluish-gray  color  and 
texture  of  the  Sharpsville  sandstone.  The  shales  themselves  are  also 
somewhat  sandy  when  compared  with  the  lower  ones,  showing  that 
there  is  the  first  and  gradual  appearance  of  the  lithologic  conditions 
which  characterize  the  Sharpsville  sandstone.  Up  the  hill  15  feet  higher 
than  the  last  outcrop  of  somewhat  sandy  shale  just  described,  and  near 
the  general  level  of  the  surrounding  country,  are  numerous  loose  blocks 
of  buff  to  bluish-gray  thin  sandstones,  from  1  to  2  inches  in  thickness. 
These  in  lithologic  appearance  closely  resemble  the  lower  sandstones 
of  the  terrane  which  succeeds  the  Orangeville  shale  in  northern  Ohio 
and  which  is  correlated  with  the  Sharpsville  sandstone  of  western  Penn- 
sylvania. These  abundant  loose  pieces  of  sandstone  show  that  formerly, 
at  least,  the  Sharpsville  sandstone  formed  the  surface  exposures  of  this 
higher  ground  in  Warrensville  Township.  The  barometer  gave  55  feet 
from  the  highest  outcrops  of  the  slightly  sandy  shale  down  to  the  base 
of  the  20-foot  cliff  on  the  creek  just  south  of  the  electric  line.  The 
topographic  map  indicates  that  this  highest  outcrop  of  shale  may  be 
some  90  feet  above  the  base  of  the  20-foot  bank,  but  it  is  difficult  to  lo- 
cate the  highest  outcrop  accurately,  which  would  indicate  that  it  is 
something  like  110  feet  higher  than  the  top  of  the  Berea  grit  and  that 
there  is  about  125  feet  of  this  shale  before  reaching  the  sandstones 
which  are  referred  to  the  Sharpsville.  The  general  direction  of  dip 
for  this  region  is  southerly,  and  as  the  shale  was  followed  along  Euclid 
Creek  for  over  two  miles  in  a  southeasterly  direction,  this  would  make 
the  above  estimate  of  125  feet  too  small  for  the  real  thickness  of  the  shale. 
As  has  already  been  shown,  Euclid  Creek  has  cut  a  deep  gorge  from 
the  highway  bridge  about  one-eighth  of  a  mile  south  of  the  Maxvill  and 
Rolf  quarries  to  the  stone  bridge  at  Euclid,  which  is  bordered  for  the 
greater  part  of  the  distance  by  steep  banks  composed  of  the  Berea,  Bed- 
ford, Cleveland  and  Chagrin  formations.  It  is  one  of  the  best  streams  for 
the  study  of  these  formations  that  is  readily  reached  from  Cleveland  and 
well  worth  a  visit  from  any  one  interested  in  the  scenery  or  geology  of  this 
region.  The  thickness  of  the  exposures  of  the  several  formations  shown 
on  this  creek  from  the  stone  bridge  at  Euclid  to  the  highest  outcrops 
seen  is  given  in  the  following  diagrammatic  section.  A  reference  to 
the  diagram  will  show  that  rocks  with  an  aggregate  thickness  of  nearly 
475  feet  were  studied  on  this  creek  which  is  certainly  a  section  of  no 
mean  proportions  for  northern  Ohio. 
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General  Section  of  Formations  on  Euclid  Creek. 


474' 

QAQ  I 

125'  + 

014,  / 

35'* 

259' 

55'* 

26|' 

010  ' 

14*"' 

Ifio' 

58'  + 

0' 

160' 

45'* 

Bedford  formation 
about  96  feet 


Highest  outcrops  Been 

Orangeville  formation      (Barometer  and    topographic  sheet) 

Berea  grit 

Bedford  shale 

Euclid  lentil 

Shales  and  thin  sandstones 

Cleveland  shale 

Chagrin  formation      (Barometer) 

Bed  of  creek  at  Euclid  about  45  feet  above  Lake  Erie 

Lake  Erie 


Older  Formations  Beneath  Cleveland. — The  formations  which 
so  far  have  been  described  are  shown  either  in  natural  or  artificial  out- 
crops in  Cleveland  or  its  vicinity.  A  number  of  wells  of  considerable 
depth  have  been  drilled  in  the  city  which  have  furnished  some  informa- 
tion regarding  the  still  older  formations  which  lie  at  some  depth  beneath 
the  surface. 

One  of  the  first  wells  to  have  its  record  carefully  tabulated  was 
that  of  the  Cleveland  Rolling  Mill  Company  drilled  at  Newburg  in 
1885.  It  was  described  by  Dr.  Orton  at  the  meeting  of  the  American 
Association  for  the  Advancement  of  Science  at  Ann  Arbor  in  August 
of  that  year.  The  record  of  this  well  as  described  by  Dr.  Orton  may  be 
represented  diagrammatically  as  follows: 
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Section  of  Newburg  Well  Compiled  from  Dr.  Orion's  Description. 
Depth. 

Drift 

f  Cleveland 

Shales  changing  in  color  from  light  to  dark  <  Erie 
with  frequent  alternations  L  Huron 
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dft  ' 
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1  q^n  ' 
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2250' 
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5' 
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8' 

26^0  ' 
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OQCA  / 

300  '± 

Solid    limestone.     Corniferous    limestone,    at    least    its 
upper  part 

Sandstone  sharp  and  clear.     "May  be  Oriskany" 
Limestone 

Rock  salt  and  thin  bands  of  shale 

Medina  (?) 
Gypsum1  and  shale 

Limestone 

Rock  salt 

Gypsum,1  bluish 

Sandstone 

Shale 

Limestone 

Rock  salt 

Shale 

Limestone 

Rock  salt 

Shale 

Limestone 

f  Trenton 
Hard  limestone  with  petroleum  in  small  <  limestone 

amount  [ 

Bottom  of  well  at  time  of  report,  but  drilling  had  not 

ceased 


Hudson  River(?) 


Utica(?) 


Dr.  Orton  stated  that  he  did  not  offer  a  final  interpretation  of  the 
above  record;  but  he  thought  the  40-foot  sandstone  reached  at  a  depth 

Professor  Gushing  has  stated  that  each  bed  of  rock  salt  is  underlaid  by  anhydrite 
rather  than  gypsum,  as  given  in  Dr.  Orton's  desciption. 
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of  1,660  feet  might  be  the  Oriskany.  The  rock  salt  from  2,000  feet 
downwards  he  stated  "comes  more  nearly  into  range  with  the  Medina, 
Hudson  River  and  Utica  groups  than  with  the  Salina,  to  which  it  would 
most  likely  be  referred  at  first  sight."  While  the  oil-bearing  limestone 
struck  at  a  depth  of  2,656  feet1  and  which  continued  without  interruption 
to  the  bottom  of  the  well  as  then  reported  was  identified  as  "the 
Trenton  limestone,  if  we  can  rely  upon  the  evidence  of  its  petroliferous 
quality  by  which  it  is  connected  with  the  new  wells  of  northwestern 
Ohio."  2 

Dr.  Orton  reconsidered  the  record  of  this  well  in  1888  and  changed 
decidedly  from  his  former  views  regarding  the  correlation  of  the  de- 
posits from  the  limestone  downward.  He  stated  that  the  well  was 
drilled  to  a  depth  of  a  little  more  than  3,000  feet  and  the  last  drillings 
were  apparently  from  a  red  limestone  which  was  identified  as  Clinton. 
The  40-foot  sandstone  was  compared  with  the  Sylvania  sandstone  of 
Lucas  County  which  Dr.  Orton  had  shown  does  not  occur  at  the  Oriskany 
horizon,  but  "is  buried  under  150  or  200  feet  of  the  Lower  Helderberg 
limestone."3  Dr.  Orton  also  provisionally  referred  a  sandstone  found 
at  a  depth  of  1,300  feet  in  a  well  drilled  at  the  corner  of  Euclid  and 
Case  Avenues  to  the  Sylvania.4 

The  portion  of  the  Newburg  well  record  below  the  bottom  of  the 
1,310  feet  of  Devonian  shale  was  correlated  in  the  following  manner  by 
Dr.  Orton,  although  it  does  not  appear  that  he  made  the  thickness  of 
the  divisions  correspond  exactly  with  the  record  of  the  well. 


100' 


500' 


800' 


300 


Upper  Helderberg  limestone 
Lower  Helderberg  limestone 
Salina  group 
Niagara  limestone 
Clinton  limestone.5 


The  thick  sandstone  reached  at  1,660  feet  was  also  correlated  with 
the  Sylvania  sandstone  by  Peter  Neff  in  1890,  although  he  gave  its 
horizon  as  "in  the  Niagara  series."6  He  described  four  wells  in  the 

lln  the  description  of  the  well  section,  Dr.  Orton  gave  the  depth  as  2;656  feet, 
but  the  total  thickness  of  all  the  overlying  intervals  from  the  top  of  the  hard  lime- 
stone which  he  called  Trenton  to  the  mouth  of  the  well,  as  given  in  his  section, 
amounts  to  only  2,650  feet.  It  appears  probably  that  2,650  feet  is  the  correct  depth 
instead  of  2,656  feet. 

2Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  34,  1886,  p.  221. 

3Geol.  Surv.  Ohio,  Vol.  VI,  p.  352. 

4Ibid.,  p.  430. 

5Ibid.,  p.  356. 

"Bull.  Geol.  Soc.  America,  Vol.  I,  p.  32. 
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vicinity  of  Cleveland,   including  the  one  at  Newburg,   in  which  the 
Sylvania  sandstone  was  reached 

In  the  light  of  our  present  knowledge  it  appears  that  the  correla- 
tion of  the  deposits  in  the  Newburg  well  below  the  top  of  the  limestones 
may  be  modified  somewhat.  The  Upper  Helderberg  limestone  is  now 
called  the  Onondaga  limestone  by  the  New  York  Geological  Survey. 
Between  Cleveland  and  the  Sandusky  region  there  are  no  outcrops  of 
the  Devonian  limestone,  but  at  Sandusky  there  is  about  110  feet1  of 
the  Columbus  limestone  which  is  regarded  as  the  Ohio  equivalent  of 
the  Onondaga  limestone.  Super jacent  to  the  Columbus  limestone, 
however,  is  the  Delaware  with  a  thickness  of  from  40  to  50  feet  and  it 
is  not  improbable  that  some  of  this  limestone  is  represented  in  the  upper 
part  of  the  limestones  reached  in  the  Newburg  well.  To  the  northeast 
of  Cleveland  at  Buffalo  where  the  Onondaga  limestone  outcrops,  it  has, 
according  to  Professor  Bishop,  a  thickness  of  108  feet,2  which  is  essentially 
the  same  as  that  assigned  by  Dr.  Orton  to  the  Upper  Helderberg  lime- 
stone in  the  Newburg  well.  The  Sylvania  sandstone  in  its  typical 
region  in  Lucas  County  occurs  some  distance  below  the  top  of  what  was 
called  the  Lower  Helderberg  or  Waterlime  formation  in  the  Ohio  reports. 
In  1893  Dr.  Lane  of  the  Michigan  Survey  named  similar  deposits  in 
that  state  the  Monroe  formation  apparently  from  the  county  of  that 
name  which  adjoins  Lucas  County  on  the  north  and  this  name  has  been 
adopted  by  the  Ohio  Survey.3  The  Lower  Helderberg  limestone  occurs 
typically  in  the  Helderberg  Mountains  of  eastern  New  York;  but  it  has 
entirely  disappeared  before  Buffalo  is  reached  at  the  eastern  end  of 
Lake  Erie.  It  is  not  probable  that  any  rocks  of  the  age  of  the  Lower 
Helderberg  limestones  occur  in  Ohio  and  it  is  probable  that  the  two 
divisions  referred  to  this  limestone  and  the  Salina  group  in  Dr.  Orton's 
account  of  the  Newburg  well  are  both  to  be  correlated  with  the  Salina 
beds  of  New  York.  The  writer  has  recently  stated  very  briefly  the 
evidence  supporting  this  conclusion.4  The  limestone  reached  at  a 
depth  of  2,650  feet  is  probably  the  top  of  the  Guelph  of  the  Niagaran 
series  as  stated  by  Dr.  Orton,  which  presumably  corresponds  in  a  general 
way  with  the  Cedarville  limestone  of  southwestern  Ohio;  or  in  case  the 
Guelph  is  absent  in  northeastern  Ohio  then  it  probably  represents  the 
Lockport  limestone  of  New  York. 


*For  a  recent  paper  by  Dr.  Charles  K.  Swartz  giving  sections  of  the  Devonian 
limestones  in  the  vicinity  of  Sandusky  together  with  their  thickness,  see  The  Johns 
Hopkins  University  Circular,  N.  S.  1907,  No.  7,  pp.  56-65.  For  a  still  later  account 
see  the  book  by  Dr.  Clinton  R.  Stauffer,  Bull.  10,  Fourth  Ser.,  Geol.  Surv.  Ohio, 
1909,  pp.  124-132. 

'Fifteenth  Ann.  Kept.  State  Geol.  [N.  Y.],  1898,  p.  390.  In  this  report  what  is 
now  called  the  Onondaga  is  given  under  the  heading  of  "Corniferous  and  Onondaga 
Limestone,"  the  ' ''bull-head"  is  the  Cobleskill  and  the  subjacent  Water-lime  is  the 
Bertie  water-lime  which  is  the  upper  member  of  the  Salina  beds. 

3For  a  recent  consideration  of  the  term  "Monroe  formation"  and  its  subdivi- 
sions, see  the  Bull.  Geol.  Soc.  America,  Vol.  XIX,  1909,  pp.  553-556. 

4Geol.  Surv.  Ohio,  Fourth  Ser.,  Bull.  7,  1905,  pp.  25-28. 
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For  the  purpose  of  comparison  with  the  above  records  an  account  of 
some  of  the  later  deep  wells  in  Cleveland  will  be  of  interest.  Mr.  D.  F. 
Wallace  of  the  United  Salt  Company  kindly  allowed  the  writer  to  make  a 
copy  of  the  company's  log  of  their  well  No.  4,  drilled  in  1893,  the  mouth 
of  which  is  about  400  yards  east  of  their  plant  by  the  Lake  Shore  Rail- 
road at  the  foot  of  Madison  Avenue.  According  to  the  barometer  the 
mouth  of  the  well  is  about  55  feet  above  the  level  of  Lake  Erie.  The  com- 
pany's log  of  this  well  is  as  follows: 

United  Salt  Co.  Well  No.  4. 

Thick-         Total 

No.  Driller's  description  of  strata.  ness.          depth. 

Feet.  Feet. 

1.  Sand 15  15 

2.  Quicksand 6  21 

3.  Blue  clay   129  150 

4.  Sand  and  clay 9  159 

5.  Quicksand 76  235 

6.  Fine  gravel  _'_.  6  241 

7.  Gravel  cemented  with  hard  clay   26  267 

8.  Soft  slate  24  291 

9.  Medium  hard  slate   ___                                          15  306 

10.  Soft  slate  5  311 

11.  Soft  slate  mixed  with  gravel  7  318 

12.  Hard  black  slate  _                                          54  372 

13.  Soft  slate 12  384 

14.  Light  colored  slate.  _  20  404 

15.  Black  slate..                                                 20  424 

16.  Soft  slate   .                         29  453 

17.  Black  slate 74  527 

18.  Light  colored  slate 21  548 

19.  Black  sand  rock  ...                                      96  644 

20.  Red  slate  (Mr.  Wallace  thinks  the  color  of  this  may 

have  been  brown) 70  714 

21.  Light  colored  slate  131  845 

22.  Dark  colored  slate 145  990 

23.  Lime  rock 390  1380 

24.  White  sandstone 33  1413 

25.  Lime  rock 11  1424 

26.  White  sandstone 16  1440 

27.  Lime  rock 315  1755 

28.  Lime  rock  and  salt  10  1765 

29.  Then  follows  five  layers  of  rock  salt  alternating  with 
to  "lime   rock"    of   driller.     The   total   thickness   of 

37.  these  five  beds  of  salt  is  170  feet 213  1978 

38.  Slate 16  1994 

The  total  depth  of  this  well  as  measured  with  a  steel  line  is  2,006| 
feet.  A  condensed  copy  of  this  log,  with  the  exception  of  the  lower 
portion  which  is  given  in  detail,  has  been  published  by  Professor  Bow- 
nocker.1  The  first  Paleozoic  rocks  reached  in  this  well  belong  in  the 
Chagrin  formation  and  it  is  interesting  to  note  the  alternation  of  light 
and  dark  colored  shales  throughout  the  lower  672  feet  of  the  Devonian 
shales.  The  lowest  145  feet  of  the  shale,  however,  is  given  as  "dark 

'Am.  Geologist,  Vol.  XXXV,  pp.  372,  373. 


GEOLOGICAL  SURVEY  OF  OHIO. 


59 


colored  slate,"  which  apparently  indicates  that  the  very  light  colored 
Olentangy  shale,  which  lies  between  the  Ohio  shale  and  Delaware 
limestone  in  central  Ohio,  has  either  entirely  changed  its  lithologic 
character  or  is  wanting.  The  top  of  the  Devonian  limestone  was  reach- 
ed at  a  depth  of  990  feet  and  the  white  sandstone,  33  feet  thick,  reached 
at  a  depth  of  1,380  feet  is  probably  the  same  as  that  correlated  with  the 
Sylvania  sandstone  in  the  wells  previously  reported.  The  thickness 
of  the  interval  from  the  top  of  the  Devonian  limestone  to  the  top  of  the 
sandstone  is  reported  as  follows  from  these  wells:  Newburg,  310  feet 
(Orton);  Jewett  farm,  1J  miles  south  of  Newburg  well,  364  feet  (Neff); 
Euclid  well,  about  J  mile  from  shore  of  Lake  Erie  and  13  miles  north- 
east of  Newburg  well,  372  feet;  and  well  No.  4  at  foot  of  Madison  Avenue, 
390  feet.  An  interesting  thing  in  the  log  of  the  last  well  is  that  after 
passing  through  the  33  feet  of  sandstone  and  11  feet  of  "lime  rock" 
another  stratum  of  white  sandstone  16  feet  in  thickness  was  penetrated. 
For  that  member  of  the  Monroe  formation  succeeding  the  Sylvania  sand- 
stone and  forming  its  upper  part  in  northwestern  Ohio,  the  writer  has 
proposed  the  name  Lucas  limestone,1  which  may  be  advantageously 
used  in  describing  the  Cleveland  well  records.  Later  on  account  of 
the  rock  being  a  calcium  magnesium  carbonate  it  has  been  called  the 
Lucas  dolomite.2  The  well  did  not  reach  the  top  of  the  Niagaran  series 
and  below  the  base  of  the  Devonian  limestone  it  may  probably  all  be 
correlated  with  the  Salina  beds  of  New  York.  A  condensed  diagram- 
matic section  of  the  well  showing  the  general  age  of  the  formations 
penetrated  by  it  would  be  about  as  follows : 

Condensed  Record  of  Well  No.  4- 


267' 

990' 
1380' 

1413' 

2006^' 


267 


723 


390 


33 


Mouth  of  well 
Alluvial  and 
drift  deposits 
Chagrin  and 
(?)  Huron  shales 

Devonian  and 
Lucas  limestones 

Sylvania  sandstone 


Bottom  of  well 


Probably  represents  the 
Monroe  formation  includ- 
ing Salina  beds  of  New 
York 


'Jour.  Geology,  Vol.  XI,  1903,  pp.  521,540. 

2Bull.  Geol.  Soc.  America,  Vol.  XIX,  1907,  p.  556  and  also  see  pp.  541,  549. 
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1976' 


The  log  of  well  No.  5  of  the  United  Salt  Company,  the  mouth  of 
which  is  located  about  300  yards  south  of  the  office,  was  also  copied  . 
The  condensed  log  of  this  well  is  as  follows: 


Condensed  Record  of  Well  No.  5. 
Mouth  of  well 
Alluvial  and 
drift  deposits 
Chagrin  and 
(?)  Huron  shales 
Devonian  limestone 
Monroe  formation  including 
Salina  beds 


226J' 


1121 


Bottom  of  well 


The  Sylvania  sandstone  was  not  noted  in  this  log;  but  490  feet  be- 
low the  top  of  the  Devonian  limestone  a  "soft  sand,"  23  feet  in  thick- 
ness, was  recorded.  This  is  probably  the  equivalent  of  a  sandstone 
which  has  been  noted  in  a  number  of  wells  at  some  distance  below  the 
Sylvania.  As  for  example,  Dr.  Orton  noted  another  sandstone  70 
feet  below  the  top  of  the  Sylvania  in  the  well  drilled  at  the  corner  of 
Euclid  and  Case  avenues.1  In  the  lower  part  of  this  well  five  strata 
of  rock  salt  were  also  penetrated  with  a  total  thickness  of  145  feet. 

A  well  was  drilled  at  the  corner  of  Second  and  Central  avenues, 
which  is  by  the  barometer  from  75  to  80  feet  higher  than  the  railroad 
tracks  at  the  Lake  Shore  Station.  The  record  down  to  1,230  feet  is 
from  the  driller's  log,  but  below  that  samples  were  saved  at  about  10 
feet  apart  which  have  been  hastily  examined  by  the  writer.  The 
samples  were  carefully  washed  and  dried  when  they  were  saved  so  that 
they  are  not  stained  and  they  constitute  an  interesting  and  valuable 
record  of  the  deeper  third  of  this  well. 


Well  at  Corner  of  Second  and  Central  Avenues. 


No. 

1. 
2. 
3. 
4. 
5. 
6. 


Description  of  sample. 


Thick- 
ness. 
Feet. 

First  gravel 481 

Clay 7 

Rock  30 

White  shale 182 

Black  shale  330 

Black  lime._  50 


Total 
depth. 
Feet. 

481 

488 

518 

700 

1030 

1080 
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Thick-  Total 

No.      -  Description   of  sample.  ness.  Depth. 

Feet.  Feet. 

7.  Brown  lime.  .  The  above  entries  are  from  the  drill- 

er's log,  which  is  not  very  accurate  regarding  the 

lithology   150  1230 

8.  First  sample,  saved  at  a  depth  of  1230  feet,  which 

consists  of  light-gray  chips  with  a  few  dark 
gray  to  blackish  ones.  The  samples  to  a  depth 
of  1340  feet  consist  mainly  of  light  or  dark  gray 
to  brownish  chips 110  1340 

9.  More  than  one-half  the  chips  are  decidedly  brownish- 

gray,  similar  to  surface  exposures  of  the  Monroe. 

The  other  chips  are  of  light  gray  color 20  1360 

10.  Light-gray  chips  predominate  _.         40  1400 

11.  Slightly  darker  colored,  very  compact  limestone...        5  1405 

12.  Sample  composed  almost  entirely  of  grains  of  white 

glassy,  quartz  sand.  No  effervescence  in  cold  HC1        5  1410 

13.  Finer  grains  of  pure  white  quartz  sand,  with  an  occa- 

sional one  that  effervesces  in  cold  HC1 20  1430 

14.  Clear  fine  white  grains  of  quartz,  slightly  stained 

by  rust,  and  those  from  the  lower  10  feet  are 

slightly  coarser 20  1450 

15.  Clear  white  quartz  sand.     Some  chips  of  very  dark 

gray  rock,  but  no  effervescence  in  cold  HC1 10  1460 

16.  Part  of  sample  white  quartz  sand;  but  the  greater 

part  is  composed  of  brownish-gray  chips  with 

slight  effervescence  in  slightly  heated  HC1 10  1470 

17.  Sample  composed  of  clear  white  quartz  sand ._       10  1480 

18.  Some  white  quartz  sand;  but  more  brownish-gray 

chips  which  effervesce  slowly  in  warm  HC1 20  1500 

19.  Mainly  fine  brownish-gray  chips  of  limestone 10  1510 

20.  Ditto,  with  strong  effervescence  in  cold  HC1 40  1550 

21.  Fine  brownish-gray  limestone,  strong  effervescence 

incoldHCl 40  1590 

22.  Light  brownish-gray   chips  of  compact   limestone; 

strong  effervescence  in  cold  HC1 50  1640 

23.  Brownish-gray,  compact  limestone  which  efferves- 

ces more  slowly  in  cold  HC1 30  1670 

24.  Fine   chips  of  brownish-gray,   very  compact  lime- 

stone which  effervesces  somewhat  slowly  at  first, 

but  increases  on  standing 30  1700 

25.  Dark  brownish-gray  and  coarser  chips  which  effer- 

vesce slowly  in  cold  HCl 70  1770 

26.  Lighter  gray  in  color  but  chips  about  the  same  as  above, 

except  that  in  the  lower  20  feet  they  are  finer.  _      30  1800 

27.  Mixed  dark  and  lighter  gray  chips  with  very  slight 

effervescence  in  cold  HCl  _  20  1820 

28.  Brownish-gray    chips,    very    compact    rock    which 

scarcely     effervesces    in    cold    HCl,  but  rather 

strongly  on  heating 2  1822 

29.  Top  of  rock  salt  which  alternates  with  "rock"  of 

driller's  record  to  a  depth  of  1952  feet.  Four 
strata  of  salt  are  reported  with  a  total  thickness 
of  97  feet  130  1952 

30.  Light-gray  compact  chips  which  effervesce  on  heat- 

ing the  HCl  but  only  slightly  in  cold  HCl 8  1960 

Bottnm  of 
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In  general  the  above  record  agrees  closely  with  that  of  the 
other  wells  reported  in  Cleveland.  The  top  of  the  Devonian  lime- 
stone was  reached  at  a  depth  of  1,030  feet,  which  is  40  feet  deeper  than 
in  well  No.  4  of  the  United  Salt  Company,  but  its  altitude  is  undoubtedly 
fully  that  amount  higher.  The  top  of  the  Sylvania  sandstone  was  reach- 
ed at  a  depth  of  1,405  feet,  375  feet  below  the  top  of  the  Devonian  lime- 
stone. It  will  be  remembered  that  this  interval  in  the  Newburg  well 
is  310  feet,  the  Jewett  farm  well  364  feet,  the  Madison  Avenue  well  390 
feet  and  the  Euclid  well  372  feet,  so  that  it  corresponds  well  with 
the  depth  in  the  majority  of  these  wells.  The  interesting  feature  of 
this  well  is  the  great  thickness  of  this  sandstone  which  for  55  feet  is 
composed  almost  entirely  of  grains  of  glassy  quartz  sand.  Below  this 
is  10  feet  composed  partly  of  limestone  followed  by  10  feet  of  clear  white 
quartz  sand,  below  which  is  20  feet  containing  some  sand,  but  the  greater 
percentage  is  brownish-gray  limestone.  This  record  shows,  therefore, 
55  feet  of  clear  sandstone  below  which  is  40  feet  that  is  composed  in 
part  of  sand,  but  to  a  greater  extent  of  limestone.  In  the  Newburg  well 
40  feet  of  sandstone  was  reported  while  the  log  of  the  Madison  Avenue 
well  gave  33  feet  of  white  sandstone  followed  by  11  feet  of  limestone, 
below  which  was  16  feet  of  white  sandstone.  If  all  of  the  sandstone 
and  sandy  strata  be  grouped  together  in  these  wells  it  will  give  40  feet 
for  the  Newburg,  60  feet  for  the  Madison  Avenue  and  95  feet  for  the 
one  at  the  corner  of  Second  and  Central  avenues.  The  strata  below 
the  Sylvania  sandstone  in  the  last  mentioned  well  belong  in  the  Monroe 
formation  and  may  be  correlated  with  a  part  of  the  Salina  beds  of  New 
York.  A  condensed  diagrammatic  record  of  this  well  follows : 

Condensed  Record  of  Well  at  Corner  of  Second  and  Central  Avenues. 
Mouth  of  well 


488' 
1030' 

1405' 
1460 ' 

I960' 


488 


542' 


375 


55 


500 


Alluvial  and  drift  deposits 

Chagrin  and 
(?)  Huron  shales 
Devonian  and 
Lucas  limestones 


Sylvania  sandstone 


Bottom  of  well 


Probably  represents  the 
Monroe  formation 
including  Salina  beds 
of  New  York 
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Skinner's  Rim  Sections* — After  this  rather  lengthy  digression, 
for  the  purpose  of  describing  the  excellent  outcrops  on  Doan  Brook  in 
Cleveland  and  Euclid  Creek  to  the  east,  together  with  some  account  of 
the  older  formations  beneath  the  city  as  revealed  by  various  well  records, 
the  description  of  the  formations  as  shown  on  the  Cuyahoga  River 
and  its  tributaries  to  the  south  of  Cleveland  will  be  resumed.  Willow 
is  a  station  on  the  Baltimore  and  Ohio  railroad  in  the  northeastern  part 
of  Independence  Township.  About  one-half  mile  north  of  this  station 
Skinner's  Run  enters  the  Cuyahoga  River  from  the  west  after  crossing 
the  northern  part  of  Independence  Township.  The  head  waters  of  the 
stream  are  near  Walling  Corners  in  the  northeastern  corner  of  Royal- 
ton  Township  and  it  then  flows  in  a  general  northerly  direction  nearly 
across  the  eastern  part  of  Parma  Township  until  it  turns  easterly  across 
Independence  Township  to  the  river.  A  considerable  part  of  its  course 
is  bordered  by  fairly  steep  banks  which  afford  good  opportunities  for 
studying  the  formations  shown  along  the  stream.  The  exposures  of 
the  higher  formations  along  its  upper  course  were  shown  to  better 
advantage  in  the  summer  of  1910  along  Broadview  Avenue  which  was 
being  graded  and  paved.  This  avenue  runs  nearly  parallel  with  the 
stream  from  Walling  Corners  until  crossing  it  in  the  northeastern  cor- 
ner of  Parma  Township. 

The  banks  along  the  lowest  part  of  the  stream  are  alluvial;  but 
outcrops  of  Chagrin  shale  are  reached  before  following  it  very  far  above 
the  road  leading  from  Willow  to  Brooklyn.  This  lowest  outcrop  is 
some  5  feet  lower  than  the  railroad  track  at  Willow  and  the  rocks  con- 
sist of  bluish  argillaceous  shale  with  layers  of  arenaceous  shale  to  thin 
sandstones.  Some  of  the  thin  layers  are  rather  dark  gray  shale  and 
much  of  it  weathers  to  an  olive  color. 

Forty-five  feet  higher  (in  general  the  elevations  were  determined 
by  the  barometer)  there  is  a  small  but  sharp  anticlinal  fold  on  the  south- 
east bank  of  the  run  where  the  following  section  is  shown: 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

4.     Gray  sandstone  making  a  small  fall  in  the 

stream __          1\  3          3£ 

3.     Argillaceous  shale __          6  2          8 

2.     Sandstone  layer \,  2  22 

1.    Arenaceous  shale 2  2 

Thirty   feet   higher   the   foot   of   the  first  bank  capped  by  Cleve-  x 
land  shale  was  reached.     This  bank  is  on  the  southeastern  side  of  the 
stream  and  a  little  above  a  tributary  entering  from  that  side.      The 
section  of  this  bank  is  as  follows: 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 
3.     Cleveland  shale.     Upper  part  of  bank  composed  of  coarser 

layers  with  an  estimated  thickness  of  10  feet 10  ±     68 

2.     Black,  slaty  shale  with  an  estimated  thickness  of  30  feet  or 

more  30±     58 

1.  Chagrin  formation.  Composed  mainly  of  bluish,  argilla- 
ceous shale  with  thin  layers  or  lenses  of  rusty  colored, 
somewhat  calcareous  material.  Twenty-eight  feet  as 
leveled  by  Mr.  Miller 28  28 

These  sections  indicate  that  the  upper  103  feet  of  the  Chagrin  for- 
mation, determined  largely  by  the  barometer,  is  shown  on  the  banks 
along  the  lower  course  of  this  stream. 

Farther  up  the  run  the  contact  of  the  gray  and  black  shale  is  shown 
in  the  bed  of  the  stream.  Still  farther  up  the  stream  is  a  high  cliff  on 
the  northwest  side  composed  mainly  of  black  shale,  the  lower  part  of 
which  is  very  black  and  tough  like  typical  Cleveland  shale.  Higher 
there  are  zones  that  are  not  so  hard,  in  fact  that  are  rather  soft  on 
the  weathered  surfaces  and  light  colored,  some  of  them  perhaps  as 
light  colored  as  the  shales  of  the  Chagrin.  These  softer  and  lighter 
colored  zones  are  lithologically  similar  to  zones  that  appear  in  the  black 
shale  in  the  sections  to  the  east  of  Cleveland.  There  are  also  layers 
of  arenaceous  shale  of  blue  to  bluish-gray  color  which  lithologically  re- 
semble certain  ones  of  the  Chagrin  and  might  easily  be  taken  for  them. 
The  softer  bands  of  shale,  which  are  lighter  colored  on  the  surface,  on 
breaking  are  generally  black,  especially  when  deep  enough  in  the  bank 
to  be  beyond  the  effects  of  thorough  weathering.  The  softer  shale  is 
perhaps  not  so  tough  and  gritty  as  the  typical  slaty  Cleveland  shale. 
It  is  generally  believed  that  this  lower  black  shale  west  of  Cleveland 
represents  a  downward  encroachment  of  the  conditions  of  black  shale 
deposition  upon  the  upper  portion  of  the  Chagrin  formation  as  it  occurs 
in  the  immediate  vicinity  of  Cleveland.  It  might  be  stated,  however, 
that  bands  of  softer  shale  weathering  to  a  lighter  color  occur  in  the 
midst  of  these  typical  black  shales.  An  example  of  such  softer  shale  in 
a  well  weathered  bank  is  to  be  seen  in  the  lower  bank  of  the  Sunbury 
shale  in  the  Lithopolis  glen  in  central  Ohio. 

The  highest  layer  of  thin  bluish-gray  sandstone  noted  in  going  up 
the  run  is  35  feet  higher  (barometer)  than  the  base  of  the  black  shale. 
The  bank  above  appears  to  be  composed  entirely  of  black  shale  until 
a  concretionary  sandstone  zone  is  reached.  This  statement  probably 
ought  to  be  modified  somewhat  in  reference  to  the  apparent  upward 
extent  of  black  shale  as  shown  farther  up  the  stream  where  the 
rock  was  examined  at  close  range.  In  the  bed  of  the  run  a  few  rods  be- 
low the  railroad  fill  and  opposite  the  cliff  on  the  southern  side  are  layers 
of  bluish  to  bluish-gray  shale,  part  of  which  are  argillaceous  and  the  re- 
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mainder  arenaceous,  that  occur  in  the  upper  part  of  this  black  shale 
zone.  There  are  also  somewhat  concretionary,  irregular  layers  which 
have  very  compact  structure  and  are  probably  somewhat  calcareous: 
while  small  concretions  of  this  texture  also  occur  at  various  places  in 
these  upper  shales  without  being  at  any  definite  horizons.  Also  the 
lower  sandstone  zone  to  be  described  on  the  southern  bank  at  this  lo- 
cality does  not  appear  so  prominently  farther  down  the  run,  so  that 
the  black  shale  appears  to  continue  without  much  break  to  the  more 
conspicuous  concretionary  sandstone  higher  on  the  bank. 

The  section  for  this  portion  of  the  run  is  about  as  follows,  all  of 
which  the  writer  would  refer  to  the  Cleveland  shale : 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

2.  Probable  top  of  Clevelatid  shale.     Zone  composed  almost 

entirely  of  black,  slaty  shale;  but  with  some  layers  of 
blue  to  bluish-gray,  argillaceous  and  arenaceous  shale, 
particularly  in  upper  portion 25|  60£ 

1.  Layer  of  thin,  bluish-gray  sandstone  at  top  of  zone.     Below 

is  black  shale  which  contains  bands  of  light  colored, 
soft  shale  and  thin  layers  of  bluish-gray  sandstone. 
Lowest  part  of  zone  consists  of  very  black,  tough  shale 
which  rests  on  the  bluish,  argillaceous  shale  of  the 
Chagrin  35  35 

At  the  upper  end  of  the  cliff  on  the  southern  bank,  which  is  only 
a  short  distance  below  the  railroad  fill,  the  following  section  occurs 
above  the  zone  of  nearly  all  black  shale: 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

4.  Bluish,  fine-grained  sandstone  with  more  or 
less  contorted  or  concretionary  struc- 
ture    6  7±  23|  — 

3.  Black,  fissile  shale  of  usual  character  as 

shown  on  weathered  bank.  The  lower 
part  of  the  zone  is  composed  of  blackish, 
arenaceous  shale  14  6  16f 

2.  Bluish-gray,    thin-bedded,    rather    fine- 

grained  sandstone,  which  in  the  lower 
part  contains  considerable  marcasite. 
Part  of  this  sandstone  in  a  comparatively 
short  distance  may  change  to  an  arena- 
ceous shale,  and  on  the  banks  farther 
down  the  run  it  does  not  appear  to  be  so 

well  marked  an  horizon 2          4  2£ 

1.  Mainly  black,  rather  slaty  shale,  but  with 
an  occasional  bluish  to  bluish-gray  layer 
near  stream  level.  There  is  also  an  oc- 
casional concretionary  lens  of  blue,  fine- 
grained sandstone  in  the  upper  part  of 
this  zone  as,  for  example,  a  few  rods 
below  where  the  above  section  was  meas- 

6— G.  B.  15. 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

ured  is  one  from  If  inches  to  4  inches 
thick,  which  is  14|  inches  below  the  base 
of  the  lower  sandstone  and  extends  for  a 
short  distance  along  the  bank.  These 
shales  are  in  the  upper  part  of  the  zone 
of  nearly  clear  black  shale  with  a  thick- 
ness of  25£  feet. 

The  upper  sandstone,  zone  No.  4,  of  the  above  section,  when  studied  at 
different  parts  of  the  cliff,  has  the  appearance  of  more  or  less  large  con- 
cretionary masses  which  do  not  occur  at  precisely  the  same  stratigraphic 
horizon.  This  is  clearly  shown  by  two  measurements  on  the  bank 
farther  down  stream  than  the  one  just  given  as  well  as  by  the  section  on 
the  opposite  side  of  the  run,  a  short  distance  above  the  railroad  fill. 
The  cliff  a  few  rods  below  the  section  just  given  furnished  the  following 
one: 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

3.     Concretionary  sandstone  mass 9        10  26£ 

2.  Mainly  black,  fissile  shale;  but  with  some 

small  lenticular  concretions  at  various 

horizons 14          2  16| 

1.  Lower  sandstone  zone 2          4±  2*- 

A  few  rods  farther  down  the  stream  on  the  same  bank  the  section 
is  as  follows: 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

3.  Concretionary  sandstone  mass   __ 

2.  Mainly  black,  fissile  shale  with  some  small  lenticular  con- 

cretions and  farther  down  the  bank  oblique  sandstone 

dykes  (?) . 24        26£ 

1.    Lower  sandstone  zone 2^±     2£ 

The  last  two  sections,  which  are  only  a  few  rods  apart,  show  very 
clearly  the  difference  in  horizons  at  which  the  concretionary  sandstone, 
No.  3,  occurs,  since  there  is  an  increase  of  9  feet  10  inches  in  the  thick- 
ness of  the  shale  interval  between  the  two  sandstones.  The  lower 
sandstone  zone  on  the  northern  bank  above  the  railroad  fill  shows  a 
good  deal  of  variation.  Not  far  above  the  lower  end  of  the  bank  there 
is  about  10  inches  of  thin-bedded,  bluish-gray  sandstone  apparently 
representing  the  lower  part  of  the  zone  as  shown  below  the  fill.  Above 
is  black  bituminous  to  arenaceous  shale;  but  with  the  top  of  the  zone 
fairly  well  marked  by  a  sandstone  layer.  Along  part  of  the  bank, 
two  feet  above  the  10-inch  sandstone,  is  a  concretionary  one  from  3  to 
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6  inches  thick.  On  this  bank  the  upper  sandstone  zone  has  been  largely 
replaced  by  shale,  although  there  are  more  or  less  conspicuous  con- 
cretionary masses  of  sandstone. 

At  the  upper  end  of  this  cliff,  a  few  rods  farther  up  the  run,  the 
following  section  was  measured : 

Thickriess.  Total 

No  thickness. 

Ft.         In.  Feet. 

6.  Black  shale  with  concretionary  sandstone 
at  base  of  zone;  but  sandstone  not  very 
thick ---  3  __  31| 

5.    Apparently  all  black,  fissile  shale   21        __  28f 

4.  Top  of  sandstone  zone  which  consists  of  thin- 
bedded,  bluish-gray  sandstone 9|  7| 

3.  Bluish-gray,  arenaceous  shale  to  thin-bed- 
ded, blue  sandstone  and  even  black 
shale,  particularly  a  little  farther  down 
the  run 1  1\  6f+ 

2.  Base  of  sandstone  zone  which  consists  of 

thin-bedded,  bluish-gray  sandstone 13  5j 

1.  Cleveland  shale.  Black,  fissile  shale  to 

level  of  Skinner's  Run 4  4 

In  the  above  section,  zones  Nos.  2  to  4  inclusive,  with  a  thickness  of 
3  feet  8  inches,  which  in  one  place  is  about  4  feet,  are  regarded  as  repre- 
senting the  lower  sandstone  zone  on  the  bank  below  the  railroad  fill, 
where  it  is  2  feet  3  inches  in  thickness.  On  the  next  bank,  a  few  rods 
farther  up  stream  and  on  the  southern  side,  the  lower  sandstone  zone 
has  become  very  concretionary;  while  in  the  upper  part  of  the  bank  is  a 
conspicuous  concretionary  sandstone,  corresponding  in  a  general  way 
to  the  upper  one  described  on  the  bank  below  the  railroad  fill. 

In  places  the  black  shales  between  these  sandstones  are  considerably 
deformed,  showing  both  folding  and  faulting.  They  also  contain  more 
or  less  vertical  deposits  of  sandstone  and  marcasite  which  apparently 
filled  cracks  in  the  shale,  considerably  resembling  dykes  of  igneous  rock 
which  may  perhaps  be  called  sandstone  dykes.  They  vary  in  thick- 
ness from  less  than  one-half  inch  up  to  an  inch,  and  some  little  distance 
above  the  railroad  fill  is  one  composed  mostly  of  sandstone,  bluish  in 
color,  which  is  3J  ±  inches  in  width. 

Farther  up  the  stream,  on  the  southern  bank,  and  not  far  below 
the  Broadview  Road  bridge,  is  a  conspicuous  concretionary  sandstone 
which  begins  in  the  bed  of  the  run  and  its  upper  part  continues  obliquely 
up  the  bank  to  the  west  while  its  lower  part  is  replaced  by  black  shale. 
The  lower  part  of  this  concretionary  mass  is  mostly  bluish,  compact 
sandstone;  but  some  of  it  is  calcareous  and  very  hard.  It  is  25  feet 
across  the  base  of  this  concretionary  mass  and  the  barometer  gave  it 
as  only  ,5  feet  higher  than  the  base  of  the  lower  sandstone  on  the  first 
cliff  above  the  railroad  fill. 
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The  highest  black  shale  seen  on  the  run  is  at  the  top  of  the  bank 
just  above  the  Broadview  Road  and  below  the  house  of  John  Pritsch. 
From  the  top  of  this  black  shale  down  to  the  stream  level  at  the  time  of 
the  measurement  was  9  feet  4  inches.  A  few  rods  up  the  run  part  of  this 
black  shale  is  replaced  by  concretionary  masses  of  sandstone  which, 
however,  do  not  extend  to  quite  so  high  an  horizon  as  the  black  shale. 
This  sandstone  is  clearly  of  concretionary  structure  since  a  short  dis- 
tance down  the  stream  near  the  bridge  its  horizon  is  clearly  occupied 
by  black  shale.  Nearer  the  bridge  than  the  upper  sandstone  is  a  lower 
one  which  runs  down  obliquely  in  the  black  shale  to  near  water  level 
a  few  yards  above  the  upper  end  of  the  bridge.  A  view  of  this  bank  is 
shown  in  Plate  IV,  in  which  Mr.  Miller  is  standing  on  the  lower  con- 
cretionary zone,  while  the  upper  sandstone  is  shown  farther  up  the  stream 
ending  near  the  lower  end  of  the  retaining  wall.  A  few  yards  above 
in  the  bed  of  the  run  opposite  the  retaining  wall  directly  below  the 
Pritsch  house  is  a  large  mass  of  sandstone. 

The  barometer  gave  the  top  of  this  outcrop  above  the  Broadview 
Road  bridge  as  only  20  feet  higher  than  the  base  of  the  lower  sandstone 
on  the  bank  below  the  railroad  fill.  If  that  be  correct  then  the  first 
bank  above  the  railroad  fill  gives  the  thickest  section  of  this  upper  black 
shale  and  concretionary  sandstone  where  it  is  27  f  feet  from  the  base  of 
the  lower  sandstone  to  the  top  of  the  black  shale  as  shown  on  the  cliff. 
There  is  some  uncertainty  as  to  whether  these  upper  27f  feet  of 
black  shales  and  sandstones  should  be  referred  to  the  Cleveland  shale 
or  the  Bedford  formation.  It  is  true  that  the  shales  lithologically 
closely  resemble  those  of  the  Cleveland;  but  on  the  other  hand  the 
sandstones  are  more  or  less  similar  to  those  of  the  Bedford.  No  fossils 
have  been  found  in  these  deposits;  but  it  is  believed  that  the  black 
shale  conditions  continued  after  the  beginning  of  Bedford  time  and 
partly  replaced  the  usual  lithologic  deposits  of  that  formation.  This 
conclusion  is  supported  by  the  transition  from  the  Cleveland  shale  to 
the  Bedford  formation  on  East  Branch  below  Berea,  a  section  that  is 
described  in  a  following  chapter  of  this  bulletin  and  where  the  Bedford 
fauna  occurs  in  somewhat  calcareous  layers  below  the  top  of  the  black 
shale.  For  the  above  reasons  these  27f  feet  of  black  shales  and  concretion- 
ary sandstones  are  referred,  at  least  provisionally,  to  the  Bedford  for- 
mation. 

This  leaves  60J  feet  of  mostly  black  shale  which  is  called  Cleveland, 
although  it  is  probable  that  the  lower  part  represents  what  is  called 
upper  Chagrin  shale  in  the  sections  farther  east;  to  which  possibly  may 
be  added  the  27|  feet  of  transitional  deposits,  which  would  make 
a  total  of  88J-  feet.  The  former  figure,  however,  is  in  closer  agreement 
with  the  thickness  of  the  Cleveland  shale  in  Cleveland  where  it  will  be 
recalled  that  on  Mill  Creek  at  Newburg,  only  4  miles  to  the  northeast,  it 
is  but  45  feet  thick  and  on  Doan  Brook,  nearly  9  miles  northeast,  51  f 
feet  thick,  the  lower  part  including  bands  of  grayish  shale. 
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Above  the  John  Pritsch  house  and  Broadview  Road  the  stream 
cuts  through  the  remaining  part  of  the  Bedford  formation  and  the 
entire  thickness  of  the  Berea  grit,  the  top  of  the  latter  formation  being 
reached  in  the  bed  of  the  run  some  distance  above  the  first  east  and 
west  road  crossing  the  stream,  while  farther  up  the  run  are  banks  of 
the  Orangeville  formation. 
Section  of  the  Orangeville,  Berea  and  Bedford  Formations  on  Skinner's  Run. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

6.  Brecksville  shale.1  The  highest  outcrop  examined  on  the 
bank  of  the  run  occurs  a  little  above  a  private  road 
which  crosses  it  about  one-half  mile  above  the  east  and 
west  road.  The  top  of  this  shale  bank  is  40  feet  higher, 
according  to  the  barometer,  than  the  top  of  the  Berea 
sandstone.  Farther  down  the  stream  are  other  banks  of 
shale,  and  one  of  them  was  estimated  to  be  35  feet  high. 
The  shale  in  the  lower  part  of  this  cliff  is  very  black, 
with  the  lithologic  character  of  the  Sunbury;  but  higher 
it  changes  gradually  to  a  bluish-black  color,  although 
part  of  it  is  almost  black.  Some  of  the  shale  is  a  little 
gritty;  but  it  is  mainly  soft  and  argillaceous.  On  this 
bank  there  is  no  sandstone  zone  separating  the  Sunbury 
from  the  Brecksville  shale 40= 

5.  Berea  sandstone.  The  top  of  the  formation  is  shown  in  the 
bed  of  the  run  some  distance  above  the  bridge  on  the 
east  and  west  road.  The  top  of  the  upper  layer  is  very 
much  pitted,  due  to  the  disintegration  of  iron  pyrite 
and  marcasite,  and  its  washing  out  of  the  stone.  The 
formation  is  well  shown  below  the  viaduct  where  its  en- 
tire thickness  is  exposed  on  the  bank.  The  same  thick- 
ness, 55  feet,  was  obtained  by  the  barometer  from  its 
base  to  its  top,  on  the  bank,  as  from  its  base  when  fol- 
lowed up  the  run  to  its  top  layer.  The  cliff  of  Berea 
below  the  bridge  is  capped  by  black,  fissile  shale  at  the 
base  of  the  Orangeville  formation.  In  the  upper  part 
of  the  Berea  are  some  zones  of  bluish  shale,  with 
shaly  sandstone  2±  feet  in  thickness.  The  upper 
and  greater  part  of  the  formation  is  composed  mainly 
of  thin-bedded  sandstones,  which  are  more  or  less  cross- 
bedded  in  structure.  The  lower  10  feet  or  so,  especially 
where  the  base  is  lowest,  is  massive. 

At  the  lower  end  of  the  gorge,  1\  feet  of  thin-bedded 
sandstone  is  shown  in  a  small  run  on  the  eastern 
side  of  the  stream,  above  the  cliff.  Where  the 
Berea  runs  downward  to  the  lowest  extent  there  is 
a  vertical  cliff  of  it  33  feet  high,  so  that  40£  feet  of 
Berea  sandstone  is  shown  at  this  locality.  The 
upper  part  of  the  cliff  consists  of  thin-bedded  sand- 
stone. The  lower  part,  when  weathered,  contains 
numerous  brown  spots,  and  the  lower  portion  of  the 
basal  course  of  this  part  of  the  cliff  contains  a  large 


^his  shale  is  named  on  p.  127  of  this  bulletin. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

amount  of  marcasite.  The  lowest  part  is  massive, 
coarse-grained,  quartz  sandstone,  containing  marcasite. 
The  line  of  contact  with  the  Bedford  is  very 
irregular,  showing  a  marked  disconformity  which 
is  more  fully  described  in  the  text  following  this 
section.  The  contact  between  the  Berea  and  Bed- 
ford at  the  northern  end  of  this  cliff  is  shown  in  Plate 
No.  V,  where  the  chocolate  colored  shale  forms 
the  lower  and  smooth  part  of  the  bank 55 

4.  Bedford  formation.  At  the  top  of  the  Bedford,  under  the 
lowest  part  of  the  Berea  sandstone,  there  are  2|  feet  of 
soft,  gray,  argillaceous  shale.  Most  of  the  zone,  how- 
ever, is  composed  of  soft,  argillaceous,  chocolate  col- 
ored shale.  The  thickness  of  this  zone  varies  from  45 
feet  where  the  base  of  the  Berea  sandstone  is  lowest,  to 
55£  feet  where  it  is  highest.  This  variation  of  10^  feet 
in  the  vertical  position  of  the  base  of  the  Berea  sand- 
stone occurs  in  a  horizontal  distance  of  90  feet.  The 
highest  part  of  the  basal  line  of  the  Berea  sandstone  is 
at  the  northern  end  of  the  cliff 55£±  95| 

3.  Gradual  change  from  bluish  to  chocolate  colored  shales,  the 
lower  of  which  are  bluish  and  argillaceous.  At  the  base 
a  zone  of  thin,  bluish-gray  sandstones,  some  of  which 
are  ripple-marked.  Above  this  zone,  on  the  John 
Pritsch  farm,  are  20  feet  of  chocolate  shale 10  40 

2.  Covered  zone  down  to  top  of  black  shale  and  concretionary 

sandstones  above  bridge  on  the  Broadview  Road 10  30 

1.  The  top  of  the  outcrop  of  black  shale  at  the  Broadview 
Bridge,  according  to  the  barometer,  is  20  feet  higher 
than  the  base  of  the  lower  sandstone,  which  is  provi- 
sionally taken  for  the  base  of  the  Bedford  formation,  as 
exposed  on  the  cliff  below  the  railroad  fill.  Apparently 
some  of  the  covered  zone  given  above  is  represented  by 
the  upper  part  of  the  bank  on  the  cliff  above  the  railroad 
fill 20  20 

In  the  above  section  the  thickness  of  the  Bedford  formation  is 
given  provisionally  as  95J  feet.  It  has  already  been  stated  that  there 
may  be  a  question  as  to  whether  the  lower  27 1  feet  should  be  referred 
to  the  Bedford  or  the  Cleveland;  but  it  appears  to  the  writer  that  the 
evidence  favors  its  reference  to  the  former  formation.  If  this  portion 
were  put  in  the  Cleveland  shale  then  there  would  be  left  only  about 
12 J  feet  to  represent  the  blue  shale  and  sandstone  in  the  lower  part  of 
the  Bedford  formation;  while  on  Big  Creek,  only  about  3J  miles  to  the 
northwest,  the  corresponding  part  of  the  Bedford  is  41  feet  thick.  It 
is  also  to  be  noted  that  101  feet  was  obtained  for  the  entire  thickness 
of  the  Bedford  on  Big  Creek,  which  does  not  differ  markedly  from  the 
95J  feet  assigned  to  this  formation  on  Skinner's  Run.  Again  on  Big 
Creek  60  feet  of  chocolate  colored  shale  was  obtained,  which  perhaps 
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indicates  that  not  quite  so  much  of  the  upper  shale  of  the  Bedford  had 
been  removed  by  erosion. 

In  the  upper  part  of  the  gorge  a  thickness  of  55  feet  was  obtained 
by  the  barometer  for  the  Berea  sandstone  and  the  same  thickness  when 
followed  up  the  run  from  this. locality  to  the  highest  outcrop  of  the  sand- 
stone in  the  bed  of  the  stream. 

The  evidence  of  disconformity  between  the  Berea  and  Bedford 
formations  is  excellently  shown  on  the  banks  of  this  stream.  A  fine 
example  of  an  eroded  upper  surface  of  the  Bedford  shale  is  shown  at 
the  northern  end  of  the  gorge  where,  on  ascending  the  stream,  the  first 
cliff  of  the  Berea  sandstone  is  found.  At  this  locality  the  base  of  the 
Berea  rises  10 J  feet  in  a  horizontal  distance  of  90  feet  as  was  stated  in 
the  description  of  the  section.  Plate  V  shows  the  northern  end  of  this 
cliff,  with  the  base  of  the  Berea  sandstone  rising  toward  the  north, 
below  which  is  the  smooth  bank  of  Bedford  chocolate  shale. 

Farther  up  the  run  is  another  bank  on  the  eastern  side  of  the  stream 
where  the  irregular  line  of  contact  between  the  two  formations  is  finely 
shown.  At  this  locality  there  are  9  feet  8  inches  of  Bedford  shale 
where  the  Berea  is  lowest  and  19  feet  9  inches  of  Bedford  shale  at  the 
point  where  the  base  of  the  Berea  is  highest  which  gives  a  rise  of  10 
feet  1  inch  in  a  horizontal  distance  of  31  feet.  This  contact  is  shown  in 
Plate  VI,  A,  and  along  four  of  the  planes  shown  in  it  the  line  is  as  sharp  as 
though  faulted.  There  are  oblique  joints  along  some  of  the  oblique 
contact  faces;  but  it  does  not  appear  that  there  has  been  faulting.  The 
most  of  the  Bedford  on  the  bank  is  of  chocolate  color  with  a  zone  of 
bluish-gray  soft  argillaceous  shale  at  the  top  which  varies  in  thickness; 
but  may  be  called  3  =*=  feet.  On  this  or  the  middle  cliff  where  the  Berea 
sandstone  is  lowest  the  blue  shale  is  lower  than  the  top  of  the  chocolate 
shale  where  the  base  of  the  Berea  is  highest.  Where  the  base  of  the 
Berea  is  lowest,  the  lower  10  feet  or  so  of  it  is  massive,  above  which  the 
layers  are  thin  with  more  or  less  cross-bedding;  but  at  the  upper  end  of 
the  cliff  and  farther  up  the  run  the  massive  part  is  thicker. 

Another  bank  showing  the  disconformity  occurs  still  farther  up 
the  run  very  near  the  last  outcrops  of  the  Bedford  shale,  where  the 
Berea  runs  down  into  the  stream.  At  this  locality  there  is  some  2  feet 
of  blue  shale  at  the  top  of  the  Bedford.  Apparently  blue  shale  occurs 
at  the  top  of  this  formation  all  along  this  stream,  only  it  does  not  appear 
to  be  at  the  same  stratigraphic  horizon  in  the  various  outcrops. 

The  section  of  Skinner's  Run  was  continued  by  a  study  of  the  out- 
crops on  the  higher  ground  to  the  southwest  of  the  last  bank  examined 
on  the  stream.  On  a  north  and  south  lane  about  five-eighths  of  a  mile 
southwest  of  the  locality  just  mentioned  and  150  feet  higher  than  the 
top  of  the  Berea  sandstone,  layers  of  thin,  fine-grained,  blue  sandstone 
occur.  In  the  gutter  for  15  feet  below  the  sandstone  is  soft,  argillaceous 
bluish  shale  which  is  like  the  upper  part  of  the  Orangeville  formation. 
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This  sandstone  probably  is  at  or  near  the  base  of  the  Royalton  formation. ' 
On  the  main  north  and  south  road  from  Brooklyn  and  to  the  west 
of  the  locality  just  described,  the  upper  part  of  the  Orangeville  shale 
is  finely  shown  along  the  banks  of  the  highway  which  had  been  recently 
graded  when  examined  in  the  summer  of  1910.  The  shale  shown  in 
the  road  banks  from  the  base  of  the  hill  well  toward  the  summit  is  all 
rather  soft,  bluish  or  bluish-black  in  color  and  weathers  into  smooth 
banks.  Apparently  in  this  region  there  is  no  sandstone  in  this  shale  of 
the  Orangeville  formation.  The  lowest  sandstone  occurs  in  a  bluish,  thin- 
bedded,  6-inch  zone  which  is  135  feet  by  barometer  higher  than  the  top 
of  the  Berea  sandstone  on  Skinner's  Run  more  than  a  mile  to  the  north- 
east. Next  occurs  a  zone  of  bluish  shale,  which  is  a  little  gritty,  but 
weathers  into  smooth  shale  banks,  with  a  thickness  of  14J  feet.  Almost 
at  the  brow  of  the  hill  is  the  second  sandstone  zone,  5J  inches  thick, 
which  is  also  thin-bedded,  of  bluish  to  greenish  color,  but  as  weathered 
is  greatly  iron-stained.  The  sandstones  contain  some  fucoidal  marks 
and  similar  markings  are  characteristic  of  the  sandstones  at  the  base 
of  the  Royalton  formation  farther  to  the  southwest  in  Royalton  and 
Strongville  townships.  One  of  these  sandstones  ought  to  be  considered 
the  base  of  the  Royalton  formation  and  the  upper  one  appears  to  agree 
better  with  the  section  on  Broadview  Road,  about  1J  miles  to  the  east, 
although  the  writer  is  not  positive  concerning  this  point. 

The  continuation  of  Broadview  Road  from  where  it  crosses  Skinner's 
Run  at  the  John  Pritsch  house  to  Walling  Corners,  4  J  miles  to  the  south, 
affords  a  good  opportunity  to  study  the  formations  from  the  lower  Bed- 
ford to  the  Sharon  conglomerate.  This  was  especially  so  in  the  summer 
of  1910  when  part  of  the  road  was  being  graded  and  paved  so  that  there 
were  fresh  exposures  of  the  upper  part  of  the  Orangeville  and  the  lower 
part  of  the  Royalton  formations  which  rendered  it  easy  to  determine 
the  line  of  separation  between  them. 

Section  Along  Broadview  Road  from  Skinner's  Run  to  Walling  Corners. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

12.  Sharon  conglomerate.  An  old  quarry  is  located  on  the 
road  one-eighth  +  of  a  mile  to  the  southwest  of  Walling 
Corners.  The  lowest  outcrop  of  the  conglomerate  oc- 
curs on  the  road  just  below  the  quarry  and  the  barom- 
eter gave  15  feet  from  this  horizon  to  the  top  of  the 
quarry 15  466 

11.  Royalton  formation.  The  greater  part  of  the  formation  is 
more  or  less  covered;  but  the  lower  portion  was  finely 
shown  along  the  side  of  the  highway,  as  it  had  been 
freshly  graded  in  August,  1910.  The  thin  sandstones 


xThe  name  of  this  formation  is  proposed  and  defined  in  Chapter JV  of  this  bulletin 
(p.  493). 


PLATE  VI. 


A. — Disconformity  between  Bedford  and  Berea  formations  on  Skinner's  Run. 
Middle  bank.     See  page  71. 


B. — Thin-bedded  sandstone  of  upper  Berea  on  Broadview  Eoad  south  of  Skinner's 

Run.     See  page  73. 
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at  the  base  of  the  Royalton  formation  are  shown  on  the 
rather  steep  slope  of  the  hill  between  the  second  and 
third  roads  turning  east  as  Broadview  Road  is  followed 
south  from  Skinner's  Run.  The  sandstones  are  thin- 
bedded,  alternating  with  shale  and  the  thickness  is  bar- 
ometric    165  451 

10.  Orangeville  formation.  The  upper  shales  of  this  forma- 
tion were  finely  shown  along  this  highway  up  the  lower 
part  of  the  hill  when  the  section  was  studied.  The 
lower  part  of  the  formation  is  covered,  but  its  base  was 
assumed  to  be  at  the  top  of  the  highest  outcrops  of  the 
thin-bedded  Berea  sandstone  in  front  of  the  Hennenger 
house.  This  interval,  according  to  the  barometer,  is  155 
feet.  It  is  not  improbable  that  this  outcrop  does  not 
extend  fully  to  the  top  of  the  Berea,  and  perhaps  a  few 
feet  of  this  interval  really  belongs  in  that  formation.. _  155  286 

9.  Berea  sandstone.  Thin,  even-bedded  sandstone,  the  lay- 
ers varying  from  £  to  2  inches  in  thickness  and 
composed  of  rather  fine  grains  of  quartz  sand.  Some 
of  the  layers  are  ripple-marked.  Ten  feet  in  highway 
cutting  in  front  of  the  stone  house  of  Mr.  H.  Hennenger, 
which  is  located  near  the  top  of  the  first  hill  south  of 
Skinner's  Run.  The  general  appearance  of  the  upper 
part  of  the  Berea  sandstone  at  this  locality  is  shown  in 
Plate  VI,  B 10  131 

8.     Covered  interval  20=*=  121 

7.  The  old  quarry  below  the  Hennenger  house  and  in  which 
the  stone  used  in  its  constuction  was  quarried.  The 
upper  2  to  3  feet  is  thin-bedded,  but  the  remainder  is  a 
coarse-grained,  thick-bedded  sandstone.  In  the  lower 
part  is  some  cross-bedding 18  101 

6.     Covered  interval,  and  not  clear  to  which  formation  it  ought 

to  be  referred 3±     83 

5.  Bedford  formation.  On  road  turning  to  the  east  below  the 
Hennenger  house  and  not  far  from  the  quarry,  4±  feet 
of  chocolate  shale  is  shown.  The  lower  portion  of  this 
interval  along  Broadview  Road  is  covered.  Thickness 
barometric 20  80 

4.     Chocolate  colored  shale  shown  in  gutters  and  banks  along 

Broadview  Road.     Thickness  leveled 30=*=     60 

3.  Olive  colored,  soft,  argillaceous  shale  with  thin  layers  of 
similarly  colored  sandstone  in  field  and  along  Broad- 
view Road  south  of  Skinner's  Run 13£  30 

2.     Covered  interval  which  is  all  above  the  top  of  the  black 

shale  on  the  opposite  side  of  the  run 7f      16f 

1.  Top  of  black  shale  at  end  of  bridge  on  the  northern  bank 
of  run  and  just  below  the  John  Pritsch  house.  In  this 
black  shale  bank  are  two  concretionary. layers  of  sand- 
stone, the  upper  one  thinning  out  before  reaching  the 
bridge  and  the  lower  one  running  obliquely  down  to  the 
water.  As  estimated,  the  base  of  this  section  is  only 
lOf  feet  higher  than  the  base  of  the  Bedford  formation.  9£  9  -t- 
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It  will  be  seen  from  the  total  thickness  of  the  above  section,  466 
feet,  that  it  is  one  of  considerable  thickness  and  importance  in  northern 
Ohio.  In  this  section  from  the  top  of  the  highest  outcrop  of  black  shale 
to  the  base  of  the  Berea  sandstone  in  the  quarry  is  74  feet,  all  of  which  is 
clearly  in  the  Bedford  formation,  unless  a  part  or  all  of  the  covered  inter- 
val of  3  feet  at  the  top  belongs  in  the  Berea.  To  this  is  to  be  added  the 
20  feet  from  the  top  of  the  black  shale  at  the  bridge  down  to  the  base  of 
the  lower  sandstone  on  the  cliff  below  the  railroad  fill  which  gives  94 
feet  for  the  thickness  of  the  Bedford  formation.  The  thickness  of 
this  interval  is  in  close  agreement  with  that  of  the  corresponding  one  in 
the  section  following  Skinner's  Run  which  gave  95J  feet.  The  Berea 
grit  is  clearly  48  feet  thick,  to  which  perhaps  a  few  feet  ought  to  be  added, 
and  on  Skinner's  Run  55  feet.  To  the  Orangeville  is  referred  155  feet, 
of  which  a  few  feet  at  the  base  ought  perhaps  to  be  referred  to  the  Berea, 
and  the  lowest  sandstone  outcrops  in  the  shales  on  the  highway  1J  miles 
to  the  west  occur  135  and  150  feet  higher  than  the  top  of  the  Berea. 
Finally  there  is  an  interval  of  165  feet  from  the  base  of  the  lowest  thin- 
bedded  sandstone  to  the  lowest  outcrop  of  the  Sharon  conglomerate 
at  Walling  Corners,  which  is  referred  to  the  Royalton  formation. 

The  following  diagrammatic  section  gives  the  thickness  of  the  ex- 
posed formations  as  shown  along  Skinner's  Run  to  the  top  of  the  Berea 
and  the  succeeding  ones  from  the  section  along  the  continuation  of 
Broadview  Road. 

General  Section  Giving  Thickness  of  Formations  on  Skinner's 
Run  and  Broadview  Road. 


Walling  Corners 

Sharon  conglomerate 

Royalton  formation 

Orangeville  shale 

Berea  sandstone 

Bedford  formation 

Cleveland  shale 

Chagrin  formation 

Lowest  outcrops  on  Skinner's  Run 


Sections  Near  South  Park*  —  As  a  general  rule  the  immediate 
banks  of  the  Cuyahoga  River  are  not  steep,  until  the  gorge  below  Cuya- 
hoga  Falls  is  reached,  and  the  tributaries  of  the  river,  some  from  the 
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western  and  others  from  the  eastern  side,  afford  better  opportunities  for 
studying  the  various  formations.  Those  which  are  especially  favor- 
able for  study  are  Tinkers  and  Brandy  wine  creeks  on  the  eastern  side 
and  Chippewa  and  Yellow  creeks  on  the  western  side.  There  are  smaller 
streams  and  other  outcrops,  either  natural  or  artificial,  however,  which 
afford  good  opportunities  for  studying  one  or  more  of  the  formations  at 
several  localities.  One  of  these  is  South  Park  where,  on  Hemlock  Brook 
and  in  the  quarries  in  its  vicinity,  in  the  southeastern  part  of  Inde- 
pendence Township  about  7J  miles  south  of  Newburg  Falls,  are  excellent 
exposures  of  the  rocks  from  the  upper  part  of  the  Chargin  formation 
into  the  red  shales  of  the  Bedford. 

At  South  Park  is  the  extensive  plant  of  the  Cleveland  Hydraulic- 
Press  Brick  Company  using  the  red  Bedford  shale  for  its  raw  material 
while  the  sandstone  in  the  lower  part  of  the  formation  has  been  worked 
for  some  twenty  years  in  the  Independence  quarry  and  used  for  flagging. 
The  following  section  is  compiled  from  the  lower  exposures  on  the  bank  of 
Hemlock  Brook  opposite  the  Independence  Company  mill,  their  stone 
quarry  and  the  shale  quarry  of  the  Hydraulic-Press  Brick  Company. 
On  the  bank  of  Hemlock  Brook  the  Chagrin  and  Cleveland  shales  are 
shown,  at  the  Independence  quarry  the  upper  part  of  the  Cleveland 
shale  and  the  Euclid  lentil  of  the  Bedford  formation  and  in  the  brick 
quarry  is  the  red  Bedford  shale. 

Section  Near  South  Park. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

18.    Bedford   shale.    Mainly   dark   red,    almost 

chocolate  in  color,   argillaceous,   fissile 

shale  in  Cleveland  Hydraulic-Press  Brick 

Company  quarry.     In  the  lower  part  of 

the  quarry  there  are  some  streaks   of 

bluish  and  olive  shale  and  the  latter  col- 
ored shale  is  shown  in  the  quarry  drain. 

In  the  upper  part  of  the  quarry,  when 

studied  in  1901,  were  large  glacial  boul- 
ders which  had  evidently  settled  into  the 

shale  from  the  surface.     The  shale  was 

quarried  with  a  steam  shovel  and  in  1901 

was  used  alone  in  the  manufacture  of 

brick,    although  formerly   it    had  been 

mixed  with  other  shale 25  _.  125  7 

17.  From  the  floor  of  the  brick  quarry  down  to 

the  top  of  the  shale  in  the  Independence 

quarry  the  barometer  gave  an  interval 

of20feet  20  100  7 

16.  Olive,  argillaceous  shale  in  the  upper  part  of 

the  Independence  quarry,  which  in  1901 

was  overlain  by  a  stratum  6j  feet  in  thick- 
ness, composed  mainly  of  till,  but  there 

was  also  some  shale  __  39  80         7 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

15.  Apparently  the  top  of  the  Euclid  lentil.  Zone 
composed  of  light-gray,  fine-grained 
sandstone,  alternating  with  bluish,  argil- 
laceous shale.  There  are  about  7  layers 
of  sandstone,  varying  in  thickness  from 
2£  to  10  inches 52  76  10 

14.     Light-gray,    fine-grained    sandstone,    with 

thin  shale  parting  at  base _.          9  71          8 

13.  Light-gray,  rather  fine-grained  sandstone, 
which  is  said  by  the  quarrymen  to  be  the 

best  course  in  the  quarry 1  4          70        II 

12.     Blue  shale  to  thin  sandstones __  6          69          7 

11.  Massive,  fine-grained,  bluish-gray  sandstone 
which  generally  separates  into  two 

courses  5         9  69          1 

10.     Course  of  thin  sandstone __          3  63          4 

9.     Bluish-gray,  fine-grained  sandstone 1          4  63          1 

8.     Course  of  thin  sandstone 5  61          9 

7.    Light-gray  sandstone 1  61          4 

6.     Blue  shale  parting 3  60          4 

5.    Massive     layer   of   bluish-gray   sandstone, 

with  parting  of  blue  shale  at  base 31  60          1 

4.     Thin  sandstone  layer  and  base  of  Euclid 

lentil __          6  57 

3.  Bluish-gray  to  olive,  argillaceous  shale. 
Just  below  the  above  shale,  which  under- 
lies the  quarry,  was  shown  7  feet  1  inch 
of  the  massive,  black  Cleveland  shale. 
This  quarry  with  the  overlying  till  is 
shown  in  Plate  VII,  A,  while  the  contact 
of  the  Bedford  shale  (No.  3  of  the  sec- 
tion) and  Cleveland  shale,  just  below 
the  quarry,  is  indicated  by  the  hammer 
in  Plate  VII,  B 7  56  6 

2.  Cleveland  shale.  This  part  of  the  section 
was  measured  on  the  bank  of  Hemlock 
Brook,  opposite  the  Independence  Com- 
pany mill,  and  the  writer  is  not  now  cer- 
tain that  the  top  of  the  bank  reaches  to 
the  top  of  the  Cleveland  shale.  Upper 
part  of  bank  composed  of  black,  bitumi- 
nous shale,  which  splits  into  thin,  even 
pieces  that  on  the  weathered  surfaces  are 
frequently  brown.  Seventeen  and  one- 
half  feet  is  shown  on  the  upper  part  of 
this  bank,  so  that  the  formation  has 
at  least  that  thickness  and  perhaps 
it  is  greater,  though  probably  not 
very  much,  for  on  Tinkers  Creek, 
below  Bedford,  about  4£  miles  northeast 
of  this  locality,  where  it  was  accurately 
measured,  it  is  only  21  feet  5  inches 
thick..  17  6+  49  6  + 


PLATE   VII. 


A. — Euclid  lentil  of  Bedford  formation  with  overlying  till  in  Independence  quarry 

near  South  Park. 


Contact   of   Bedford   and    Cleveland   shales  just   below   Independence   quarry, 

shown  in  Fig.  A. 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

1.  Chagrin  shale.  The  contact  between  the 
two  shales  is  very  sharp.  There  is  a 
sudden  change  from  the  bluish,  argilla- 
ceous shales  of  the  Chagrin  to  the  even, 
black,  somewhat  gritty  ones  of  the 
Cleveland.  The  Chagrin  is  composed 
of  soft,  bluish  to  olive,  argillaceous 
shales  which  weather  into  small  pieces, 
with  thin,  somewhat  calcareous  layers, 
which  weather  to  a  rusty  color  on  the 
surface,  and  tend  to  concretionary  struc- 
ture. The  upper  32  feet  of  the  Chagrin 
formation  is  shown  on  the  bank  of  the 
brook  opposite  the  mill  from  the  base  of 
the  Cleveland  shale  to  the  bed  of  the 
stream..: 32  __  32 

In  the  Independence  quarry  all  of  the  thicker  courses  of  sandstone 
are  worked  and  all  of  them  according  to  the  quarrymen  are  used  for 
nagging.  The  surface  of  some  of  the  sandstone  layers  shows  ripple- 
marks  and  mud-flows.  The  Euclid  lentil  of  the  Bedford  formation 
apparently  extends  from  the  top  of  No.  3  to  the  base  of  No.  16,  which 
would  give  it  a  thickness  of  20J  feet.  It  will  be  remembered  that  in 
the  Newburg  section  the  thickness  of  the  Euclid  lentil  is  apparently 
about  22f  feet,  which  indicates  that  it  has  thinned  somewhat  in  pass- 
ing from  the  quarries  of  Euclid  Creek  to  those  of  the  Cuyahoga  Valley. 
In  the  Newburg  sections  the  bluish-gray  shale  at  the  base  of  the  Bed- 
ford, below  the  sandstones,  is  about  5^  feet  in  thickness  and  in  the 
Independence  quarry  7  feet. 

About  one  mile  northwest  of  South  Park  and  about  one-half  mile 
southwest  of  Independence  Station,  is  Pratt's  quarry  in  the  Berea 
grit.  This  quarry  was  formerly  worked  extensively  and  the  rock 
used  for  flagging  and  grindstones.  The  highest  wall  as  now  exposed 
afforded  the  following  section: 

Section  of  Pratt' s  Quarry. 

Thickness.  Total 

No.  thickness. 

Ft        In.  Ft          to. 

10.    Berea  grit.     Sandstone  at  top  of  the  quarry, 
which  is   usually   even-bedded,    but   in 

places  cross-bedded  2        10  33  — 

9.     Thin,  even-bedded  sandstone 1          9  30 

8.     Layer  which  is  somewhat  cross-bedded,  but 

not  so  markedly  as  the  subjacent  one___      3          6  28          3 

7.     Strongly  cross-bedded  zone  6        __  24          9 

6.  Zone  composed  of  thin,  even-bedded  layers 
of  sandstone,  varying  in  thickness  from 
2  to  6  inches  .  3  4  18  9 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft          In. 

5.  Beginning  of  valuable  sandstone  at  top  of 

massive  part  of  quarry 1  8  15  5 

4.  Thickest  massive  rock  in  quarry,  zone  8  feet 

thick 8  13  9 

3.  This  zone  generally  composed  of  three  layers 

of  sandstone  22  59 

2.  Light-gray,  in  places  bluish-gray,  coarse- 
grained sandstone  to  grit 12  37 

1.  Layer  lithologically  similar  to  the  one 
above,  and  its  bottom  forms  the  base  of 
the  quarry  as  shown  in  1901 25  25 

All  of  the  nearly  30  feet  of  rock  shown  in  the  above  quarry  belongs 
in  the  Berea  grit  and  as  neither  the  top  nor  the  bottom  of  the  formation 
was  clearly  shown,  it  cannot  be  said  that  it  is  not  considerably  thicker. 
The  structure  of  the  upper  part  of  the  quarry,  however,  is  in  close  agree- 
ment with  that  of  the  upper  part  of  the  Berea  grit  in  neighboring  sec- 
tions where  this  limit  of  the  formation  is  clearly  shown  and  hence  it  is 
thought  that  practically  the  top  of  the  formation  is  shown  in  this  quarry. 
As  was  seen  in  Euclid  Creek  and  will  be  described  in  Chippewa  Creek, 
four  miles  south  of  this  quarry,  the  topmost  layers  of  the  Berea  grit 
are  even-bedded,  beneath  which  is  a  very  conspicuous,  strongly  cross- 
bedded  zone  of  varying  thickness.  This  is  essentially  the  structure 
of  the  upper  part  of  Pratt's  quarry  and  consequently  indicates  the  top 
of  the  formation. 

On  Tinkers  Creek  near  Bedford,  5  +  miles  east  of  Pratt's  quarry, 
the  Berea  grit  has  a  thickness  of  39J  feet  while  on  Chippewa  Creek, 
near  Brecksville,  the  barometer  gave  a  thickness  of  40  feet.  It  appears 
probable  that  the  base  of  the  Berea  grit  is  6  or  7  feet  lower  than  the 
bottom  of  Pratt's  quarry  and  that  the  thickness  of  the  formation  is 
not  far  from  what  it  is  in  the  neighboring  localities  which  have  been 
cited  above.  From  the  base  of  the  quarry  down  to  the  top  of  the  Cleve- 
land shale  the  barometer  gave  106  feet  and  if  we  call  the  thickness  of 
the  Berea  grit  about  39  feet  as  in  the  Tinkers  Creek  section,  which 
was  the  more  accurately  measured  of  the  two  cited  above,  then  the 
thickness  of  the  Bedford  formation  in  the  vicinity  of  South  Park  will  be 
about  100  feet. 

The  following  diagrammatic  section  shows  the  thickness  of  the 
exposed  formations  near  South  Park  as  shown  from  the  bed  of  Hem- 
lock Brook  to  the  top  of  Pratt's  quarry. 


GEOLOGICAL  SURVEY  OF  OHIO. 


79 


Section  Giving  Thickness  of  Formations  Near  South  Park. 
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Euclid  lentil   * 

>  Thickness  measured 
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Chagrin  shale 

Bed  of  Hemlock  Brook  opposite  the  Independence  Co.  mill 


Bedford  formation 
Thickness  about 
100  feet,  which 
was  partly  esti- 
mated 


Tinkers  Creels.  Sections  Near  Bedford.  —  Tinkers  Creek  enters 
the  Cuyahoga  River  from  the  east  only  about  three-fourths  of  a  mile 
south  of  South  Park,1  and  the  various  sections  on  its  banks  vary  in 
distance  from  2J  to  5  miles  north  of  east  of  South  Park.  The  lower 
course  of  the  stream  for  some  miles  is,  in  general,  southwesterly  and  be- 
low and  opposite  Bedford  it  has  cut  a  gorge  of  considerable  depth  which 
for  part  of  the  distance  is  bordered  by  steep  and  high  banks.  It  was 
studied  by  Dr.  Newberry  whose  writings  have  made  it  well  known  to 
geologists,  especially  since  he  named  the  Bedford  formation  from  the 
outcrops  on  its  banks  in  Bedford  Township,  opposite  Bedford  village. 
The  gorge  part  of  Tinkers  Creek  is  now  known  as  "the  glen"  and  nearer 
the  village  there  is  a  park  and  pavilion  above  it. 

The  entire  length  of  Tinkers  Creek  was  not  examined;  but  it  was 
followed  down  stream  from  the  high  bank  under  the  A.  B.  &  C.  electric 
bridge  near  Bedford  until  the  upper  50  feet  of  the  Chagrin  formation 
had  been  studied.  In  the  description,  however,  it  will  be  considered  in 
the  reverse  order  and  beginning  with  the  lowest  outcrops  examined.  The 
upper  50  feet  of  the  Chagrin  formation  is  composed  mostly  of  a  fine, 
bluish,  argillaceous  shale  in  which  occur,  at  irregular  intervals,  thin 
layers  of  calcareous  rock,  which  weather  to  a  rusty  color.  Fossils 
occur  in  both  the  shales  and  the  calcareous  layers;  but  they  are  not 

xSouth  Park  is  incorrectly  located  on  the  Cleveland  sheet  where  the  name  is 

inkers  Creek.     South 
way  three-fourths  of  a 


printed  on  the  eastern  side  of  the  river  opposite  the  name  Tinkers  Creek.     South 
Park  is  located  on  the  western  side  of  the  river  and  the  highw 


mile  farther  north. 
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abundant,  in  fact  scarcely  frequent  enough  so  that  they  might  be  con- 
sidered common. 

Near  the  lower  end  of  Tinkers  glen  the  upper  part  of  the  Chagrin 
shale  is  rather  fossiliferous.  The  fossils  occur  most  abundantly  in  thin 
layers  of  the  bluish,  arenaceous  to  argillaceous  shale,  which  alternates 
with  an  occasional  thin  calcareous  layer  about  an  inch  in  thickness. 
The  best  locality  for  collecting  is  on  the  southern  bank  from  about  2| 
feet  to  perhaps  4  feet  below  the  base  of  the  Cleveland  shale.  The  most 
abundant  species  are  Camarotcechia  sp.  and  Dalmanella  tioga  (Hall)  Wms. 
while  Spirifer  disjunctus  Sowb.  is  next.  The  following  species  were 
collected  from  this  horizon  at  this  locality  in  about  two  hours: 

1.  Spirifer  disjunctus  Sowb (c) 

2.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms. (a) 

3.  Productella  hirsuta  Hall (r) 

Good  specimens;  one  ventral  valve  shows  long  spines 
from  the  hinge-line  and  the  bases  of  others  over  the 
surface  of  the  valve. 

4.  Athyris  polita  Hall .___     (a) 

5.  Camaroto3chia  orbicularis  Hall (a) 

There  are  some  small  specimens  which  approach  in  outline 
small  ones  of  C.  eximia  Hall;  but  probably  they  are 
young  forms  of  C.  orbicularis  Hall.  Most  of  the  larger 
specimens  clearly  have  the  suborbicular  outline  of  this 
species. 

6.  Camarotcechia  contracta  Hall (rr) 

7.  Liorhynchus  mesicostale  Hall  (?) (r) 

Specimens  are  more  or  less  flattened  in  the  shale  and  perhaps 
they  are  L.  globuliforme  (Van.)  Hall  var.  chagrinanum. 

8.  Chonetes  scitulus  Hall (c) 

9.  Productella  lachrymosa  (Con.)  Hall (r) 

10.  Lingula  sp (rr) 

11.  Orthoceras  bebryx  Hall  var.  cayuga  Hall  (?) (r) 

The  species  enumerated  in  the  preceding  list  were  collected  by 
Mr.  Morse  and  the  writer  at  this  locality  in  the  summer  of  1907.  At 
an  earlier  date  the  writer  had  collected  the  species  recorded  in  the  two 
following  lists,  at  this  locality.  A  layer  of  fairly  coarse  arenaceous, 
bluish  shale  contained  the  following  species: 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Dalmanella  tioga  (Hall)  Wms (rr) 

This  species  was  described  by  Hall  under  the  generic  name  of 
Orthis  and  referred  to  the  genus  Schizophoria  by  Hall  and 
Clarke  (Pal.  N.  Y.,  Vol.  VIII,  pt.  I,  1892,  p.  212),  which 
has  been  accepted  in  the  majority  of  recent  paleonto- 
logic  papers,  including  Schuchert's  Synopsis  of  Am.  Fossil 
Brachiopoda  (Bull.  U.  S.  Geol.  Survey,  No.  87,  1897,  p. 
375).  Professor  Williams,  however,  referred  it  to  the 
genus  Dalmanella  (ibid.,  No.  244,  p.  36,  f.n.a)  and  stated 
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that  'The  Schizophorias  are  common  below  the  Chemung, 
but  they  are  rare  in  the  Chemung  until  the  upper  part  is 
reached,  while  the  Dalmanellas  are  among  the  first  forms 
to  appear  at  the  incoming  of  the  Chemung  fauna,  and  they 
are  conspicuous  representatives  of  the  Chemung  fauna." 
Dr.  Kindle,  however,  who  was  associate  author  of  this 
bulletin  with  Professor  Williams,  retains  it  in  the  genus 
Schizophoria  (Jour.  Geology,  Vol.  XIX,  1911,  p.  349). 

3.  Athyris  polita  Hall  (?) : (rr) 

4.  Camarotoschia  cf.  eximia  Hall  or  C.  stevensi  Hall (c) 

The  specimens  are  broken  and  poorly  preserved;  but  with  20 
or  more  plications.  They  bear  some  resemblance  to  C. 
contracta  Hall;  but  this  species  has  only  from  16  to  20 
plications.  A  small  specimen  with  22  or  more  plications 
resembles  considerably  a  flattened  one  of  the  original  of 
fig.  1  of  C.  eximia  (Pal.  N.  Y.,  Vol.  IV,  pi.  55), 
in  the  American  Museum,  that  has  about  11  plications  on 
each  side  of  the  shell.  The  Ohio  specimen  is  probably 
a  young  form  and  therefore  it  is  not  advisable  to  insist 
too  strongly  upon  the  similarity,  since  the  larger  speci- 
mens do  not  agree  so  well  with  this  species. 

5.  Productella  cf ,  striatula  Hall (r) 

6.  Leptodesma  sp. (rr) 

Imperfect  specimen. 

7.  Specimen  like  Orbiculoidea  herzeri  Hall  and  Clarke (rr) 

8.  Lingula  sp.  _  (rr) 


At  the  top  of  the  Chagrin  shale  in  this  glen  the  following  species 
were  obtained: 

1.  Spirifer  disjunctus  Sowb. (c) 

Ten  specimens  of  this  species  were  obtained  in  this  layer. 

2.  Camarotcechia  orbicularis  Hall  (?)    (c) 

Professor  Whitfield  agreed  with  the  writer  that  a  large  speci- 
men from  this  locality  probably  belongs  to  this  species. 
He  thought  that  two  additional  specimens  might  belong 
to  the  same  species;  while  two  other  small  ones  he 
concluded  might  belong  to  a  different  species,  although 
he  would  not  attempt  to  name  it. 

3.  Athyris  cf.  polita  Hall  _  (rr) 

Crushed  specimens. 

4.  Actinopteria  sp.  or  Liopteria  sp. (rr) 

Specimens  too  badly  broken  to  decide  to  which  genus  they 
belong. 

It  is  to  be  remembered  that  Dr.  Newberry  in  No.  9  of  his  section 
of  strata  at  Bedford  gave  Leiorhynchus  mesacostalis  =  Liorhynchus 
mesicostale  Hall  and  Spirifer  disjunctus  as  occurring  in  the  Erie  shale 
(=  Chagrin).1  Perhaps  some  of  the  specimens  of  Camarotcechia  might 
be  compared  with  Liorhynchus  laura  Bill.  (  =  L.  multicosta  Hall),  which 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 
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some  of  the  individuals  flattened  in  the  shale  considerably  resemble. 
They  have  about  twenty  plications  which  are  too  conspicuous  on  the 
sides  for  L.  mesicostale  Hall. 

£  £  This  fauna  is  considered  by  the  writer  to  be  a  Chemung  one  as  is 
fully  stated  in  other  parts  of  this  bulletin.  This  opinion  is  apparently 
in  agreement  with  that  of  Dr.  Kindle  who  has  stated  concerning  this 
particular  locality  that  he  "found  immediately  below  the  Cleveland 
shale  a  Chemung  fauna  without  any  trace  of  Waverly  species."1 

The  fossils  of  the  above  lists  came  from  the  horizon  of  the  4  feet 
called  an  "hydraulic  limestone"  by  Dr.  Newberry  in  his  "Section  of 
Strata  at  Bedford,"  which  is  No.  8  of  that  section  and  directly  sub- 
jacent to  the  Cleveland  shale.  Dr.  Newberry  described  it  as  an  "hy- 
draulic limestone  with  Macrodon  and  Syringothyris',"2  but  at  the 
locality  examined  by  the  writer  it  is  mainly  a  bluish,  argillaceous 
shale,  although  a  foot  and  seven  inches  below  the  base  of  the  Cleveland 
shale  is  a  calcareo-arenaceous  layer  a  foot  in  thickness. 

This  is  probably  the  supposed  horizon  concerning  which  at  a  later 
date  Dr.  Newberry  wrote  as  follows:  "Mr.  Andrew  Sherwood,  one  of 
my  assistants,  *  *  *  brought  to  me  fragments  of  an  earthy  lime- 
stone which  he  claimed  to  have  found  in  the  valley  of  Tinkers  Creek 
near  Bedford,  Ohio,  'beneath  the  Cleveland  shale.'  These  specimens 
contained  numerous  Waverly  fossils,  among  which  Syringothyris  typus 
was  conspicuous.  Subsequently,  when  a  question  was  raised  in  regard 
to  the  accuracy  of  these  observations,  efforts  made  to  rediscover  the 
stratum  of  limestone  reported  by  Mr.  Sherwood  were  without  success."3 

The  specimens  collected  by  Mr.  Sherwood  probably  came  from  a 
somewhat  massive  and  calcareous  layer  in  the  Bedford  formation  or 
from  the  calcareous  zone  at  the  base  of  it.  Blocks  of  the  massive  im- 
pure magnesian  limestone  were  noticed  by  the  writer  loose  in  the  creek 
and  some  washed  down  it  may  have  been  supposed  by  Sherwood  to 
occur  below  the  Cleveland  shale  or  perhaps  he  may  have  made  a  mis- 
take in  his  notes  and  written  below  when  above  the  Cleveland  shale  was 
intended.  Loose  blocks  of  the  impure  limestone  found  at  this  locality 
were  sampled  and  analyzed  by  Assistant  Professor  D.  J.  Demorest  of 
Ohio  State  University,  with  the  following  result: 

f  Clay 17.5 

Silicious  residue    4  Quartz 5.8 

[Feldspar 10.8 

AUOs 2.03 

Fe2O3 9.30 

CaCOa 34.60 

MgCO3 17.05 

97.08 " 


'Am.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  1912,  p.  132. 

2Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 

3Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  127. 


GEOLOGICAL  SURVEY  OP  OHIO.  83 

A  copy  of  the  above  analysis  together  with  a  sample  of  the  rock 
was  sent  Prof.  Albert  Johannsen,  who  wrote  as  follows:  "The  rock  you 
sent  is  one  of  those  interesting  rocks  to  which  one  cannot  give  a  very 
satisfactory  name.  From  the  analysis  I  should  say  it  is  a  siliceous 
magnesian  limestone."1  Another  copy  of  the  analysis  together  with  a 
similar  sample  of  the  rock  was  sent  Prof.  James  F.  Kemp,  who  wrote 
as  follows:  "I  have  had  a  good  look  at  the  specimen  from  the  Bedford 
formation.  It  obviously  presents  the  same  difficulties  which  the  old 
geologists  of  New  York  State  met  when  they  worked  upon  the  Beekman- 
town  limestone  and  called  it  calciferous  sand  rock.  My  disposition 
would  be  to  describe  this  as  a  siliceous  magnesian  limestone.  It  would 
probably  be  described  by  many  also,  and  quite  correctly,  as  an  earthy 
magnesian  limestone.  I  think  I  should  prefer  to  do  this  to  considering 
it  a  calcareous  sandstone  or  shale."2 

Similar  information,  together  with  a  sample  of  the  rock,  was  sent 
Prof.  A.  C.  Gill  who  wrote  that  he  found  the  iron  oxide  chiefly  present 
"as  FeO  and  hence  I  should  think  it  probable  that  it  occurred  in  the 
condition  of  FeC03  making  the  rock  an  impure  ankeritic  dolomite."3 

In  reference  to  its   horizon   Prof.  H.  P.  Gushing  wrote  as  follows: 

"Your  small  chunk  of  rock  came  this  morning,  and  matches  exactly 
with  my  material.  [It]  seems  to  me  unquestionably  identical 

with  my  stuff  from  40  feet  above  the  base  of  the  Bedford  in  the  Tinkers 
Creek  gorge.  It  is  *  *  *  often  crammed  with  Macrodon  shells, 
with  occasional  Rhynchonella  in  addition.  It  is  also  the  only  horizon 
and  locality  in  which  I  have  found  Bedford  fossils  in  northern  Ohio, 
except  in  the  basal  few  feet.  Loose  pieces  of  the  stuff  would  naturally  be 
expected  in  the  gorge."4 

From  the  calcareous  layer  at  the  base  of  the  Bedford  formation  in 
Tinkers  Creek  and  from  loose  blocks  of  the  impure  magnesian  limestone 
found  in  the  creek,  the  writer  has  collected  Syringothyris  carter i  Hall(?) 
(-S.  typus  Winch.)  and  Parallelodon  (Macrodon)  hamiltonice  Hall.  Other 
species  also  occur,  but  these  are  the  two  mentioned  by  Dr.  Newberry 
in  the  "hydraulic  limestone"  and  it  appears  probable  that  the  specimens 
which  he  saw  came  from  the  same  layer.  The  writer  has  not  seen  an 
hydraulic  limestone  at  the  top  of  the  Chagrin  formation  although  he 
has  studied  a  considerable  number  of  sections  where  the  contact  of  the 
Chagrin  and  Cleveland  shales  is  shown. 

Dr.  Kindle  recently  studied  this  locality  and  also  reached  the  con- 
clusion that  the  Syringothyris  fauna  did  not  come  from  below  the  Cleve- 
land shale.  His  statement  is  as  follows:  "It  was  in  this  volume  [1874 


'Letter  of  Oct.  27,  1911. 
2Letter  of  Nov.  14,  1911. 
3Letter  of  Feb.  6,  1912. 
4Letter  of  Oct.  14,  1911. 
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Report]  that  Newberry  published  the  list  of  Waverly  fossils,  including 
Syringothyris  typa,  which  he  reported  to  have  been  found  below  the 
Cleveland  shale.  It  appears  that  the  authenticity  of  this  find  was  called 
in  question  during  Professor  Newberry's  lifetime,  and  in  a  later  dis- 
cussion of  the  matter  he  states  that  these  fossils  were  collected  by  an 
assistant  who  was  not  able  to  relocate  the  horizon  when  requested  to 
do  so.  The  writer  and  Mr.  P.  V.  Roundy  searched  very  carefully  the 
section  from  which  this  fauna  was  reported  to  have  been  obtained, 
but  found  immediately  below  the  Cleveland  shale  a  Chemung  fauna 
without  any  trace  of  Waverly  species.  Many  other  geologists  have 
studied  the  northern  Ohio  sections  since  Waverly  fossils  were  reported 
by  Newberry  from  below  the  Cleveland  shale,  but  not  one,  so  far  as  the 
writer  is  aware,  claims  to  have  found  Waverly  fossils  at  this  horizon. 
In  view  of  these  facts  I  think  we  may  safely  conclude  that  the  collector 
of  this  fauna  incorrectly  identified  the  formation  from  which  his  Waverly 
fossils  came."1 

Dr.  Ulrich  has  recently  stated  that  "it  is  to  be  understood  that 
these  Jefferson  specimens  [of  Syringothyris]  have  nothing  to  do  with 
those  mentioned  many  years  ago  by  Newberry  as  having  been  found  in 
a  similar  position  at  Bedford.  All  agree  now  that  the  latter  came  out 
of  some  Bedford  float  which  had  gone  down  stream."2 

Below  the  above  described  zone  Dr.  Newberry  gave  60  feet  of  the 
Chagrin  formation  (Erie  shale)  as  exposed  which  was  No.  9  of  his  sec- 
tion and  described  as  a  "  green  shale  (Erie  shale)  with  Leiorhynchus 
mesacostalis,  Spirifer  disjunctus,  etc."  There  are  several  excellent  ex- 
posures of  the  upper  part  of  the  Chagrin  formation  and  the  Cleveland 
shale  capped  by  the  lower  part  of  the  Bedford  formation  on  the  banks 
of  this  creek  below  the  old  woolen  mill. 

Near  the  lower  end  of  the  glen  the  following  section  is  well  shown 
on  the  northern  bank: 

Section  on   Tinkers  Creek  Below  Bedford  Glen. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.         In. 

10.     Mainly  fine-grained,  bluish  sandstone  with 

some  layers  of  shale,  which  forms  the 

upper  part  of  the  bank  and  was  measured 

farther  up  the  stream.  Base  of  Saga- 
more lentil  of  the  Bedford  formation, 

which  will  be  described  later 23  __  93  7 

9.  Bluish,  argillaceous  shale,  with  some  that 

is  arenaceous 46  70  7 

8.  Blue,  fine-grained  sandstone __  3  66  1 

7.  Bluish,  argillaceous  and  arenaceous  shale. 

Base  of  Bedford  formation..  ...    36        ..        65  10 


^m.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  p.  132. 
2Ibid.,  Vol.  XXXIV,  p.  179,  f.  n. 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

6.  Cleveland  shale.  Black,  bituminous,  com- 
pact shale,  thick  blocks  of  which  occur 
farther  up  the  stream  in  its  bed,  and 
when  freshly  broken,  have  a  strong  pe- 
troleum odor.  Farther  down  the  stream 
where  the  top  and  bottom  limits  are 
sharply  defined,  a  vertical  measurement 
on  the  face  of  a  cliff  gave  a  thickness  of 
21  feet  5  inches.  This  is  in  close  agree- 
ment with  Newberry's  measurement  of  21 
feet  for  No.  7  of  his  Bedford  section, 
which  was  described  as  a  "Black  bitum- 
inous shale,  (Cleveland  shale)  with  fish 
teeth  and  scales."1  The  contact  of  the 
Cleveland  shale  and  the  Chagrin  forma- 
tion on  the  steep  cliff  somewhat  farther 
down  the  glen/is  shown  in  Plate  XII,  A. 
The  upper  portion,  with  the  coarser 
layers,  is  the  Cleveland  shale,  its  base 
formed  by  the  lowest  conspicuous  and 
somewhat  projecting  layer  21  2  29  10 

5.  Chagrin  formation.  Top  layer  bluish,  ar- 
gillaceous shale  1  7  8  8 

4.     Calcareo-arenaceous  layer   1        __  7          1 

3.     Bluish,  argillaceous,  fossiliferous  shale 5  6          1 

2.  Calcareous  layer   __          2  1          1 

1.  Blue,   argillaceous  shale,  containing  fossils, 

to  creek  level ._        11  --        11 

A  gully  on  the  northeastern  bank  farther  up  the  stream  than  the 
point  at  which  the  above  section  was  measured,  and  below  the  gully 
leading  up  to  the  spring,  gave  the  following  section: 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

3.  Sagamore  lentil  of  the  Bedford  formation,   consisting  of 

sandstones  with  shale  partings.  The  sandstones  are 
bluish,  fine-grained,  and  more  or  less  irregularly  bedded, 
with  an  occasional  layer  showing  ripple-marks.  Some 
of  it  weathers  to  a  rusty  color 23  64^ 

2.  Blue,  argillaceous  and  arenaceous  shales,  with  thin  sand- 

stones, varying  in  thickness  from  1  to  4  inches  and  oc- 
curring at  irregular  intervals 41^  41£ 

1.     Top  of  Cleveland  shale  is  shown  at  the  top  of  the  covered 
interval. 

At  one  point  in  the  glen  there  is  a  dip  of  4°  up  stream  and  in 
measuring  the  Cleveland  shale  when  following  the  stream  only  15 j-  feet 
was  obtained,  which  probably  did  not  extend  quite  to  its  top. 

'Geol.  Surv.  Ohio,  Vol.  I.  p.  197. 
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On  the  southwestern  side  of  the  creek  the  contact  of  the  Cleveland 
shale  and  Bedford  formation  is  well  shown  near  the  water's  edge  when  the 
stream  is  not  high.  The  basal  2  inches  and  perhaps  more  of  the  Bedford 
is  a  gray  arenaceous  and  somewhat  blocky  shale  which  contains  numerous 
fossils,  although  the  number  of  species  does  not  appear  to  be  so  great  as 
in  the  Euclid  localities.  Syringothyris  is  common  in  this  zone.  At 
one  point  rather  poorly  preserved  specimens  of  a  (?)  Camarotcechia  sp. 
and  a  gastropod  were  found  in  the  extreme  upper  part  of  the  black 
shale  just  below  the  base  of  the  Bedford.  Fossils  are  not  uncommon 
in  the  lower  2  feet  of  the  Bedford  which  is  composed  of  blue  shales  and 
thin  lenticular  layers  of  somewhat  impure  limestone.  An  occasional 
specimen  of  Camarotcechia  was  found  in  the  blue  shales  for  10  feet  or 
more  above  the  base  of  the  formation.  Near  its  base  are  also  sandstones, 
varying  in  thickness  from  2  to  3  inches,  which  contain  a  considerable 
amount  of  iron  pyrites  or  marcasite. 

On  the  southwestern  side  of  the  creek  and  a  few  rods  farther  up 
stream  than  the  contact  described  above,  is  a  high  and  steep  cliff  in 
which  the  greater  part  of  the  Bedford  formation  is  shown  capped  by 
the  Berea  grit.  This  cliff  is  shown  in  Plate  VIII,  where  the  following 
section  was  obtained: 


Section  of  Vertical  Cliff  in  Bedford  Glen.      Thlck. 

No.  ness.     ness. 

Feet.     Feet. 

4.    Berea  grit.     It  forms  the  upper  part  of  cliff,  perhaps  30  feet, 

but  not  measured   ___________________________________     30="=     77=*= 

3.  Bedford  formation.     Upper  portion  consisting  of  bluish- 

gray  to  bluish  shales,  alternating  with  thin  layers  of 
sandstone  ___________________________________________     25        47 

2.  Sagamore  lentil.     Bluish,  fine-grained  sandstones  _________     22        22 

1.     Blue,  argillaceous  and  arenaceous  shales,  with  thin  sand- 

stones to  bed  of  creek,  but  not  measured. 

This  steep  bank  was  measured  by  Mr.  Morse  who  obtained  by  hand 
level  a  thickness  of  45  feet  from  the  base  of  the  Sagamore  lentil  to 
the  base  of  the  Berea  grit,  or  47  feet  by  tape  for  the  same  interval.  By 
tape  the  Sagamore  sandstone  was  22  feet  in  thickness  and  the  super- 
jacent  zone  of  shale  25  feet. 

This  high  cliff  together  with  the  banks  farther  down  the  stream 
has  furnished  the  following  general  section  of  the  rocks  in  Tinkers  Creek 
at  Bedford  Glen: 

Section  of  Tinkers  Creek  at  Bedford  Glen  and  Below. 

Total 

Thick-  thick- 

No.  ness.     ness. 

Feet.     Feet. 

4.  Berea  grit.     Perhaps  30  feet,  but  not  measured.  _       _______     30±  189=*= 

3.  Bedford  formation.  Upper  portion  consisting  of  bluish-gray 

to  bluish  shales,  alternating  with  thin  layers  of  sand- 
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Total 

No.  Thick-  thick- 

ness,    ness. 
Feet.     Feet. 

stone,  25  feet  on  high  cliff.  Sagamore  lentil,  22  feet  on 
high  cliff  and  23  feet  on  opposite  side  farther  down  the 
stream.  Lower  portion  consisting  of  blue,  argillaceous 
and  arenaceous  shales,  with  thin  layers  of  sandstones, 
varying  in  thickness  from  40|  to  41^  feet.  If  22  feet  be 
accepted  for  the  thickness  of  the  Sagamore  lentil,  and 
41  feet  for  that  of  the  lower  shale,  then  the  thickness  of 

the  Bedford  formation  will  be  88  feet 88      159 

2.     Cleveland  shale 21        71 

1.  Chagrin  formation.  The  upper  9  feet  of  this  formation, 
as  it  occurs  near  the  lower  end  of  the  gorge,  has  already 
been  described.  Lower,  the  shale  is  mainly  fine,  bluish 
and  argillaceous,  with  an  occasional  harder  layer  of 
calcareous  rock,  which  weathers  to  a  rusty  color. 
The  upper  50  feet  of  the  formation  as  shown  on  this 
creek  was  seen,  but  probably  not  the  outcrops  along 
the  lower  2  miles  of  it 50  50 

The  writer  was  informed  that  the  Cleveland  shale  at  this  locality 
is  so  compact  that  it  has  been  used  as  an  abrasive.  It  was  stated  that 
from  the  bank  near  the  dam  and  old  woolen  mill,  a  carload  of  it  had 
been  shipped.  The  shale  as  shown  in  the  bed  of  the  creek  and  on  its  banks 
in  the  glen  when  not  weathered  is  certainly  very  compact  and  massive. 

On  the  southern  bank  of  the  stream  in  the  glen  nearly  the  entire 
thickness"  of  the  Bedford  formation  is  shown  in  the  vertical  cliff  described 
above,  capped  by  the  Berea  grit.  The  lower  and  upper  portions  of 
the  Bedford  formation  at  this  locality,  which  is  the  typical  one,  are 
composed  largely  of  fairly  thin,  bluish  or  bluish-gray,  argillaceous  to 
arenaceous  shales  alternating  with  layers  of  thin  sandstone.  Near 
the  middle  of  ±he  formation  is  the  Sagamore  sandstone  lentil,  the  sand- 
stones of  which  appear  to  be  rather  prominent  on  the  cliff  as  seen  from 
the  creek. 

On  the  northeastern  bank,  a  few  rods  farther  down  the  stream 
than  the  vertical  cliff  on  the  opposite  side,  is  a  steep  bank  in  which  the 
middle  portion  of  the  formation  is  well  shown.  The  following  section 
at  this  locality  was  leveled  by  Mr.  Miller: 

Section  on  Northeastern  Bank  in  Bedford  Glen. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

6.    Berea  grit.     Not  measured. 

5.  Bedford  formation.  A  considerable  por- 
tion of  the  upper  part  of  the  formation 
covered.  Shales  and  thin  sandstones 
shown  toward  the  top.  The  sandstones 
are  ripple-marked  and  these  marks  run 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

N.  22°  W.  Lower  part  composed  of  gray, 
as  weathered,  fine-grained  sandstones, 
some  layers  2^  feet  in  thickness,  the 
layers  separated  by  shales 39  9  85| 

4.     Gray  shale 24  46 

3.  Blue,  somewhat  calcareous  layer,  which 
changes  to  more  of  a  sandstone  as  ex- 
posed on  the  path  from  the  creek  up  to 
the  dancing  hall.  On  the  path  it  is  9 
inches  thick.  Base  of  the  Sagamore 
sandstone  lentil 6|  43f 

2.  Gray  to  blue  shales,  both  arenaceous  and 
argillaceous,  with  layers  of  thin,  platy, 
gray  sandstone,  1  to  3  inches  thick;  but 
the  shales  predominate  and  the  sand- 
stones are  not  close  together.  The  Bed- 
ford is  exposed  nearly  down  to  the  Cleve- 
land, the  top  of  which  is  shown  on  the 
bank  a  little  farther  down  stream 43  2  43£ 

1.     Cleveland  shale. 


That  portion  of  the  Sagamore  lentil  shown  in  the  above  section 
appears  to  be  composed  of  generally  thicker  layers  of  sandstone  with 
less  shale  than  in  the  vertical  cliff  on  the  opposite  side  of  the  creek. 
In  the  cliff  on  the  southwestern  side  a  considerable  proportion  of  the 
Sagamore  lentil  is  composed  of  thin-bedded  sandstones  to  coarse  shales. 

The  section  of  the  Bedford  formation  on  Tinkers  Creek  in  the  Bed- 
ford Glen  differs  strikingly  from  the  section  of  the  same  formation  at 
South  Park,  only  4J  miles  to  the  southwest.  At  South  Park  there  is 
7  feet  of  bluish-gray  shale  capped  by  the  Euclid  sandstone  lentil  with 
a  thickness  of  20^  feet,  making  its  top  27  J-  feet  above  the  base  of  the 
formation;  while  in  the  Bedford  Glen  there  is  about  41  feet  of  blue  shales 
and  thin  sandstones  before  reaching  the  base  of  the  sandstone  zone  which 
varies  in  thickness  from  22  to  23  feet.  It  therefore  follows  that  the  base 
of  the  sandstone  lentil  in  the  Bedford  formation  at  Bedford  is  nearly  14 
feet  higher  stratigraphically  than  the  top  of  the  Euclid  sandstone  lentil  at 
South  Park.  Consequently  the  sandstone  zone  at  Bedford  appears  to 
occupy  a  higher  stratigraphic  position  in  the  Bedford  formation  than  that 
of  the  Euclid  lentil  and  for  this  reason  it  has  been  given  a  distinct  name, 
viz.,  the  Sagamore  lentil.  The  zone  of  "blue  flagstone"  constituting 
the  Euclid  lentil  as  described  at  South  Park,  Newburg  and  Euclid 
Creek  is  scarcely  represented  at  Bedford.  There  are  some  bluish-gray 
sandstones  near  the  base  from  2  to  3  inches  thick,  or  perhaps  even 
thicker;  but  the  rocks  are  principally  bluish  to  bluish-gray  shales,  some  of 
which  are  rather  gritty.  On  account  of  the  absence  of  conspicuous  sand- 
stone layers  in  the  lower  part  of  the  formation  no  attempt  is  made  to 
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indicate  the  position  of  the  Euclid  lentil  which  has  practically  changed 
to  shale.  Again  the  reddish  or  chocolate  shale  which  so  generally  occurs 
in  the  upper  part  of  the  Bedford  formation  from  the  Cuyahoga  River 
westward,  as  at  South  Park,  is  absent. 

This  locality  is  the  typical  one  for  the  Bedford  formation  where 
Dr.  Newberry  stated  that  "the  best  exposure  of  the  Bedford  shale" 
is  to  be  found  and  hence  "it  has  received  its  name  from  this  fact."1  He 
also  stated  that  beneath  the  Berea  sandstone  in  the  gorge  of  Tinkers 
Creek  at  Bedford  "we  find  70  feet  of  blue  shale"  and  "no  red  shale  is 
visible."2  This  is  No.  6  of  his  section  at  Bedford  which  is  there  given  as 
71  feet  in  thickness  and  described  as  "blue  shale  (Bedford  shale)  with 
many  fossils — Syringothyris,  etc. — at  base."3  The  thickness  of  the 
Bedford  formation  at  this  locality  as  measured  by  Mr.  Morse  and  the 
writer  is  88  feet  or  17  feet  greater  than  that  given  by  Dr.  Newberry. 

Prof.  C.  L.  Herrick  published  a  section  of  the  "Cuyahoga  Valley 
and  Bedford"  concerning  which  he  stated  that  "The  figures  are  all 
actual  measurements,  there  being  no  composition  of  different  partial 
sections,  and  are  as  nearly  accurate  as  need  be."1  The  exact  localities 
at  which  the  measurements  for  the  different  parts  of  the  section  were 
made  are  not  given;  but  since  Bedford  occurs  in  its  title  it  appears 
reasonable  to  suppose  that  the  measurements  for  the  Bedford  formation 
were  made  near  that  village.  Professor  Herrick's  section  of  the  Bedford 
is  as  follows: 

"Blue  to  green  Bedford  shale   45ft. 

Flags 10ft. 

Soft  f ossiliferous  shale 25  ft. 

Flags 10ft."5 

The  total  thickness  of  Herrick's  section  is  90  feet,  or  2  feet  greater 
than  the  one  reported  by  the  writer;  but  the  two  zones  of  flags  do  not 
agree  with  his  observations.  As  already  described,  a  22-foot  sandstone 
zone  was  found  near  the  middle,  but  no  10  feet  of  flags  at  either  the  top 
or  bottom  of  the  formation. 

The  following  fossils  were  obtained  from  the  Bedford  formation  in 
the  glen.  Loose  blocks  of  a  somewhat  massive  and  calcareous  layer 
furnished  part  of  the  fauna.  The  following  is  a  partial  list  of  the  species 
collected  at  this  locality: 

1.     Syringothyris  carteri  Hall  (?) 

Imperfectly  preserved  specimens,  which  it  is  not  improbable 
came  from  the  same  layer  of'argillaceous  limestone  as  the 


'Geol.  Surv.,  Ohio,  Vol.  I,  p.  189.' 
2Ibid.,  p.  188. 


3Ibid.,  p.  197. 
I.  Ge 


4Bull.  Geol.  Soc.  America,  Vol.  II,  1891,  p.  39. 
5Ibid.,  p.  40. 
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as  one  in  which  the  specimens  identified  by  Dr.  Newberry 
S.  typa  Winch  =  S.  carteri  Hall  (Mon.  U.S.  Geol.  Survey, 
Vol.  XVI,  p.  127)  were  obtained.  Herrick  at  one  time 
apparently  questioned  the  occurrence  of  Syringothyris 
typa  in  the  Bedford,  since  he  wrote  that  "In  the  char- 
acteristic chocolate  beds  of  the  Bedford  in  the  Cuyahoga 
valley  and  near  Columbus  the  same  association  of  forms 
has  been  found,  with  no  admixture  of  Waverly  species. 
This  we  desire  to  make  prominent  in  view  of  the  pub- 
lished statement  of  Dr.  Newberry,  that  Syringothyris, 
etc.,  occur  in  the  Bedford"  (Am.  Geologist,  Vol.  Ill, 
Feb.  1889,  p.  97).  Concerning  the  identification  and  oc- 
currence of  this  species  in  the  Bedford  formation,  it  may 
be  stated,  that  in  the  Geological  Museum  of  Ohio  State 
University  are  specimens  labeled  Syringothyris  typa 
Winch.,  imbedded  in  shale,  which  the  catalogue  states  are 
from  the  Bedford  shale  at  Bedford,  Ohio,  and  others  from 
the  same  formation  at  Northfield,  Ohio.  This  material 
probably  came  to  the  University  as  part  of  the  collec- 
tion from  the  State  Geological  Survey,  and  had  been 
identified  and  labeled  either  by  or  under  the  direction  of 
Dr.  Newberry.  The  Geological  Museum  of  Columbia 
University  also  contains  specimens  labeled  "Syringothy- 
ris typa,  Bedford  shale,  Bedford,  Ohio."  These  speci- 
mens, it  is  also  understood,  came  to  the  Museum  through 
Dr.  Newberry.  The  shale  containing  the  specimens  of 
this  species,  in  both  the  Ohio  State  and  Columbia  mu- 
seums, certainly  has  the  lithologic  appearance  of  dark 
gray  shale  from  the  Bedford  formation  of  northern  Ohio. 
Professor  Schuchert  also  reported  this  species  from  the 
Bedford  shale  at  Bedford  (Ninth  Ann.  Kept.  State  Geol- 
ogist [N.  Y.],  1890,  p.  32,  and  in  his  Synopsis  of  Am.  Fossil 
Brachiopoda,  Bull.  87,  U.  S.  Geol.  Survey,  1897,  p.  441). 
Later,  Professor  Herrick  admitted  the  occurrence  of  the 
genus  Syringothyris  in  the  Bedford;  but  apparently  con- 
sidered the  species  distinct  from  S.  typa  (Bull.  Geol.  Soc. 
America,  Vol.  II,  1891,  p.  34). 
2.  Camarotcechia  cf.  sageriana  Winch. 

These  specimens  are  not  well  preserved,  and  have  not  been 
compared  with  type  specimens  of  this  species.  This  spe- 
cies, however,  was  reported  by  Dr.  Newberry  from  the 
Bedford  (Geol.  Survey  Ohio,  Vol.  Ill,  p.  23).  A  speci- 
men from  Medina,  Ohio,  in  the  Columbia  University 
Museum,  labeled  Rhynchonella  sageriana,  has  4  plica- 
tions on  the  fold  and  6  or  7  on  each  side  of  it.  The 
number  of  plications  agrees  fairly  well  with  that  of  the 
Bedford  specimens;  but  those  of  the  Medina  specimen  are 
a  little  more  angular  than  those  of  the  Bedford. 

In  the  American  Museum,  the  originals  of  figs.  48-52, 
pi.  55,  Vol.  IV,  Pal.  N.  Y.  of  C.  sappho  Hall  var.  from  the 
Waverly  of  Licking  County,  Ohio,  were  studied.  These 
are  rather  large  specimens,  which  have  coarse  plications, 
with  6  on  the  fold,  5  in  the  sinus  and  5-7  on  each  side. 
These  specimens  have  rather  more  and  coarser  plications 
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than  those  from  the  Bedford  shale.  The  Bedford  speci- 
mens have  3  or  4  plications  in  the  sinus,  with  5 
on  the  fold,  and  about  4  on  each  side.  It  does  not  ap- 
pear that  the  Bedford  specimens  agree  very  closely  with 
this  species  or  its  variety.  Professor  Whitfield  referred 
them  to  C.  contracta  Hall;  but  the  plications  are  not  so 
sharp  as  those  of  that  species,  and  the  form  is  more  an- 
gular. This  statement  is  true  of  the  original  of  fig.  39, 
pi.  55,  Vol.  IV,  Pal.  N.  Y.,  from  Licking  County,  Ohio, 
which  was  referred  to  this  species  by  Professor  Hall.  Dr. 
Girty  in  his  paper  on  "The  Geologic  Age  of  the  Bedford 
Shale  of  Ohio"  lists  Camarotcechia  sappho  as  in  the  Bedford. 

3.  Amboccelia  umbonata  (Con.)  Hall  (?) 

4.  Palaeoneilo  bedfordensis  Meek 

Good  specimens  of  this  species 

5.  Parallelodon  hamiltonise  Hall 

One  specimen  shows  clearly  the  interrupted  radiating  striae. 
Professor  Hall  reported  that  "a  form  undistinguishable 
from  this  species  [P.  hamiltonice]  occurs  in  the  soft  shales 
at  Bedford,  Cuyahoga  County,  Ohio"  (Pal.  N.  Y.,  Vol. 
V,  pt.  I,  Lamellibranchiata  II,  p.  350).  The  origi- 
nal of  fig.  7,  pi.  51,  from  Bedford,  Ohio,  was  studied  in 
the  American  Museum  of  Natural  History  in  New  York, 
where  is  also  the  original  of  fig.  1  of  the  same  plate  from 
New  York.  The  Bedford  specimen  apparently  has  all 
the  characteristic  markings  of  it  as  shown  by  type 
and  authentic  specimens  of  the  species  from  the  New 
York  Hamilton.  Ohio  specimens  were  shown  Professsor 
Whitfield,  and  the  only  difference  he  noted  is  in  the  hinge 
line,  which  he  thought  is  not  so  straight  in  the  Bedford 
specimens  as  in  the  Hamilton  ones.  The  difference,  how- 
ever, between  these  two  type  specimens  is  to  the  writer  not 
marked,  and  it  would  appear  like  a  very  slight  difference 
upon  which  to  base  the  description  of  a  new  species.  In 
the  State  Museum  at  Albany,  New  York,  the  originals 
of  figs.  2-6  and  9  of  pi.  51  were  studied,  and  Ohio  speci- 
mens compared  with  them.  Certainly  the  Ohio  Bedford 
specimens  are  very  similar  to  those  from  the  Hamilton 
of  New  York,  since  the  markings  and  proportions  are 
almost  identical.  The  close  similarity  of  the  propor- 
tions is  shown  by  the  following  comparison  between  the 
original  of  fig.  3,  pl.*51,  from  the  Hamilton,  south  of  Car- 
diff, New  York,  and  one  from  the  Bedford  shale  on  the 
bank  of  Black  River,  two  miles  north  of  Elyria,  Ohio. 
The  New  York  specimen  has  a  length  of  21.7  mm.  and  a 
height  of  12  mm.;  while  the  Ohio  specimen  has  a  length 
of  22.4  mm.  and  a  height  of  12.5  mm.  The  height  in  each 
instance  was  measured  a  little  posterior  to  the  umbone. 
The  New  York  specimen  is  a  little  thicker  than  the  Ohio 
one;  but  perhaps  this  is  due  to  the  slight  crushing  of  the 
latter  in  the  softer  shale.  Since  these  specimens  are  so 
very  similar,  it  appears  almost  useless  to  attempt  to  sep- 
arate specifically  the  Bedford  ones  from  the  Hamilton. 

6.  Leda  diversa  Hall  var.  bedfordensis  Herrick 
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A  specimen  from  the  limestone  in  the  Bedford  of  Tinkers 
Creek  was  compared  with  the  original  of  fig.  34,  pi.  47, 
Lamellibranchiata  II,  pt.  1,  Vol.  V,  Pal.  N.  Y.,  which  is 
from  the  Hamilton  beds  at  Summit,  N.  Y.,  and  the  speci- 
mens are  certainly  very  similar.  It  appears  that  the  va- 
rietal name  is  sufficient  recognition  of  such  difference  as 
exists  between  them. 

7.     Conularia  newberryi  Winch.  (?) 

The  specimen  has  12  to  15  crenulations  on  transverse  striae 
in  -^  of  an  inch,  which  are  apparently  more  than  the  de- 
scription calls  for.  Also  on  part  of  the  specimens  there 
are  apparently  transverse  striae  on  the  furrows. 

8    Bellerophon  sp. 

9.     (?)  Goniatites  sp. 

Prof.  C.  L.  Herrick  reported  that  in  the  Bedford  at  "the  typical 
locality  at  Bedford  Macrodon  hamiltonce,  Microdon  bellistriatus,  Leda 
diversa,  Palceaneilo  [Palceoneilo]  constricta  and  Chonetes  scitula  are  found  40 
feet  below  the  Berea  grit.  It  is  true  that  the  forms  identified  by  Newberry, 
and  upon  which  the  Carboniferous  age  of  the  Bedford  has  been  main- 
tained, do  occur  associated  with  Macrodon  hamiltonce;  but,  so  far  as 
observed  (and  I  think  I  have  seen  most  of  the  specimens),  they  are  thus 
associated  in  the  bands  of  flags  intercolated  with  the  shale  and  not  in 
the  shale  itself.  However  that  may  be,  out  of  the  list  quoted,  Syringo- 
thyris  typa  and  Spiriferina  solidirostris  are  the  only  species  which  could 
carry  conviction;  the  others  are  either  too  widely  distributed  or  too 
closely  allied  with  Devonian  types  to  be  positively  identified  from  crushed 
and  imperfect  specimens.  As  to  the  Syringothyris,  after  careful  ex- 
amination I  incline  to  think  it  distinct  from  the  species  characteristic 
of  the  middle  Waverly,  while  it  is  very  rarely  found  in  the  shales  100 
feet  above  the  Berea."1 

Above  the  glen  is  the  Pennsylvania  Railroad  viaduct  and  on  the 
northeastern  bank  of  the  creek  was  formerly  an  excellent  section. 

Section  Above  the  Pennsylvania  Railroad  Viaduct. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

7.  Aurora  sandstone.-  Mainly  thin-bedded, 
light-gray  sandstone,  with  shale  part- 
ings to  top  of  bank.  At  base,  thin-bed- 
ded, light-gray,  fine-grained  sandstone. 
Sandstone  zone  which  is  generally  found 
between  the  Brecksville  shale  and  the 
Sunbury  shale 7  G  71  — 

6.  Sunbury  shale.  Blackish  shale  near  top  of 
member.  Very  fine,  argillaceous  shale 


'Bull.  Geol.  Soc.  America,  Vol.  II,  1891,  p.  34. 

2This  sandstone  member  of  the  Orange ville  formation  is  named  and  described  in 
Chapter  II  of  this  bulletin  (p.  210). 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

which  is  mainly  bluish-gray  to  gray  in 
color,  but  with  some  blackish  layers. 
This  shale  is  finely  shown  on  the  bank 
above  the  quarry,  as  may  be  seen  in 
Plate  IX,  where  it  is  opposite  the  man, 
and  its  top  indicated  by  his  hand 6  63  4 

5.  Berea  grit.  Light-gray  or  rusty-brown  in 
color  and  rather  harder  and  finer  grained 
sandstone  than  the  lower  layers 32  57  4 

4.     Massive,     light-gray      grit,      which      often 

weathers  yellowish 38  54          2 

3.  Light-gray  or  often  weathered  to  a  rusty- 
yellow,  thin-bedded  to  shaly  sandstone.  _  3  2  50  6 

2.  Massive,  light-gray,  coarse-grained  sand- 
stone to  grit.  Ripple-marks  occur  in 
lower  part.  The  base  of  the  Berea  is 
a  massive  sandstone  below  which  is  the 
softer,  bluish,  Bedford  shale,  which  has 
been  eroded,  leaving  a  projecting  ledge  of 
the  Berea  sandstone.  This  contact  was 
formerly  well  shown  on  the  bank  of  Tink- 
ers Creek,  some  rods  above  the  Cleve- 
land and  Pittsburgh  Railroad  viaduct 29  4  47  4 

1.  Bedford  formation.  Upper  part  of  Bedford 
composed  of  bluish-gray,  argillaceous 
shales.  Lower  part  of  exposure  consists 
of  shales,  alternating  with  thin  layers  of 
sandstone,  1  inch  or  more  in  thickness, 
to  creek  level 18  __  18 

Since  the  above  section  was  measured,  the  Pennsylvania  Railroad 
has  made  the  big  fill  and  viaduct  a  little  below  this  point.  The  east- 
ern bank,  however,  below  the  Electric  Light  Plant  and  opposite  one  of 
the  Taylor  Chair  Company  buildings,  shows  the  section  fairly  well. 
The  upper  part  of  the  Sagamore  lentil  makes  the  cascade  in  the  creek, 
above  which  is  the  upper  shale  and  thin  sandstone  zone  of  the  Bedford, 
which  is  capped  by  the  massive  Berea  that  makes  the  fall  in  the  creek. 
On  the  eastern  bank  below  the  Electric  Light  Plant,  the  upper  part  of 
the  Bedford  is  partly  covered;  but  the  contact  between  it  and  the  Berea 
is  shown.  Above  may  be  seen  the  Berea  grit,  the  Sunbury  shale  and 
the  Aurora  sandstone. 

In  the  above  section  the  entire  thickness  of  the  Berea  grit  is  in- 
cluded between  Nos.  1  and  6  which  gives  it  a  total  thickness  of  39  feet  4 
inches.  This  corresponds  with  No.  5  of  Dr.  Newberry's  Bedford  sec- 
tion which  he  gave  as  45  feet  thick  and  described  as  "  thick-bedded, 
yellow  sandstone  with  ripple  marks."1  Prof.  C.  L.  Herrick  gave  the  thick- 
ness of  the  Berea  grit  in  his  section  of  the  "Cuyahoga  Valley  and  Bed- 

1Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 
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ford"  as  45  feet;1  but  it  is  not  stated  where  the  measurement  was  made 
and  it  may  not  have  been  at  Bedford.  Dr.  Newberry,  however,  in- 
cluded in  zone  No.  5  the  two  superjacent  ones  to  make  the  complete 
Berea  formation.  These  are  the  "gray  shale"  from  4  to  6  feet  in  thick- 
ness, No.  4  of  his  section,  which  is  described  above  as  the  Sunbury  shale — 
No.  6  of  the  writer's  section — and  the  "thin-bedded,  yellow  sandstone 
with  Discina  Newberry i  and  Lingula  melia,"  ten  feet  in  thickness,  No. 
3  of  Newberry's  section  and  No.  7  of  the  above.  In  the  writer's  opinion 
Dr.  Newberry  was  in  error  in  referring  Nos.  4  and  3  of  his  Bedford 
section  to  the  Berea.  The  top  of  No.  5  of  the  above  section  has  the 
rough  and  pitted  surface,  due  to  the  disintegration  of  iron  pyrites  or 
marcasite,  which  apparently  characterizes  the  upper  surface  of  the  Berea 
grit  in  its  tortuous  distribution  entirely  across  Ohio.  No.  4  of  Newberry's 
section  is  six  feet  thick  above  the  quarry  and  is  composed  of  a  very  argil- 
laceous, thin-bedded  shale,  mainly  gray  to  bluish-gray  in  color,  but  with 
bands  of  black  shale.  This  shale  the  writer  correlates  with  the  Sunbury 
shale  of  central  Ohio,  which  directly  overlies  the  Berea  grit  and  is  general- 
ly a  rather  tough  black  bituminous  shale  splitting  into  thin  laminae;  but 
occasionally  in  part  is  soft  and  gray  or  bluish-gray  in  color.  This  shale 
is  also  generally  found  in  the  sections  in  northern  Ohio  immediately 
superjacent  to  the  Berea  grit,  as  will  be  seen  later  in  this  bulletin  in  the 
description  of  these  higher  rocks;  although  occasionally  either  the  shale  or 
the  overlying  sandstone  zone,  which  sharply  separates  it  from  a  still  higher 
but  similar  shale,  is  apparently  wanting.  This  shale,  or  a  very  similar  one, 
caps  the  Berea  grit  in  the  famous  quarries  at  that  town  and  in  1875  Meek 
in  giving  the  horizon  of  Discina  (Orbiculoidea)  newberryi  Hall  listed  it  as 
from  the  "Berea  shale."2  This  is  apparently  the  first  appearance  of 
the  term  Berea  shale  in  geological  literature;  but  we  are  not  sure  that 
Meek  intended  to  recognize  the  shale  as  a  stratigraphic  unit.  Dr. 
Orton  in  1879,  however,  recognized  it  as  a  stratigraphic  term  and  said 
that  "The  Berea  shale  needs  to  be  interpolated  between  the  Berea  sand- 
stone and  the  Cuyahoga  shale."3  But  it  was  preoccupied  as  the  name 
for  a  geological  terrane  since  Newberry  in  1870  published  Berea  as  the 
name  of  the  subjacent  massive  grit  from  the  quarries  at  that  town.4 

In  1878  Professor  Hicks  applied  the  name  "Sunbury  black  slate" 
to  this  shale  from  the  outcrops  on  Rattlesnake  Creek  about  two  miles 
east  of  Sunbury,  Delaware  County,  in  central  Ohio.  In  1879  Dr. 
Orton  correctly  correlated  the  Waverly  black  shale  of  southern  Ohio 
with  the  black  shale  overlying  the- Berea  grit  in  the  quarries  at  that  town 
and  stated  that  "No  better  name  could  be  found  for  it  than  Berea  shale — 
for  it  makes  the  roof  of  the  Berea  quarries,  just  as  it  does  of  the  lower 

'Bull.  Geol.  Soc.  America,  Vol.  II,  p.  40. 

2Geol.  Surv.  Ohio,  Vol.  II,  pt.  II,  Palaeontology,  explanation  of  Plate  XIV. 

3Ann.  Kept.  Secretary  of  State  for  1878  (1879),  p.  594. 

4Geol.  Surv.  Ohio,  Kept.  Prog,  in  1869,  p.  21. 
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Waverly  quarries  of  Pike  County."1  In  another  report  Dr.  Orton  in 
reviewing  the  correlation  of  the  formations  between  northern  and  south- 
ern Ohio  stated  that  in  order  "To  make  the  correlation  of  the  series 
[Waverly]  more  exact,  one  element  must  be  added  to  Dr.  Newberry's 
section  of  the  group  in  Northern  Ohio.  The  Berea  shale  needs  to  be 
interpolated  between  the  Berea  sandstone  and  the  Cuyahoga  shale."2 
Later  Dr.  Orton,  judging  from  the  thickness  he  assigned  to  his  Berea 
shale  in  northern  Ohio,  evidently  included  in  it  the  sandstone  and  shale 
which  overlie  the  Sunbury  shale3  and  subsequent  writers  have  generally 
followed  this  usage.  In  1902  the  writer  revived  the  name  Sunbury 
shale  for  the  Waverly  black  shale4  which  is  the  first  definite  geographic 
name  that  was  not  preoccupied,  applied  to  this  shale.  The  Sunbury 
shale  in  this  quarry  is  clearly  shown  in  Plate  IX  where  the  man  is  stand- 
ing on  top  of  the  Berea  grit  and  pointing  to  the  line  of  contact  between 
the  Sunbury  shale  and  super jacent  sandstone  zone. 

The  formation  succeeding  the  Berea  grit  was  named  the  Cuyahoga 
shale  by  Dr.  Newberry  in  1870, 5  and  described  in  his  reports  on  the 
geology  of  Cuyahoga  and  Summit  counties  published  in  1873.  In  the 
Cuyahoga  County  report  Dr.  Newberry  stated  that  the  Cuyahoga  shale 
"is  the  uppermost  member  of  the  Waverly  group  [series],  and  consists 
mainly  of  gray  argillaceous  shale  with  thin  flags  of  fine  sandstone  scat- 
tered through  it.  Its  outcrop  forms  a  belt  extending  from  Berea,  where 
it  caps  the  Berea  sandstone,  around  through  Parma  and  Independence 
into  the  valley  of  the  Cuyahoga,  of  which  it  forms  the  immediate  banks 
on  both  sides  as  far  southward  as  Cuyahoga  Falls."8  Also  in  the  Sum- 
mit County  report  he  stated  that  the  Cuyahoga  shale  "is  better  ex- 
hibited in  Summit  County  than  in  any  other  part  of  the  state.  It  has 
a  thickness  of  from  150  to  200  feet,  and  has  been  given  the  name  it 
bears  because  it  forms  the  greater  part  of  the  banks  of  the  Cuyahoga 
from  Cuyahoga  Falls  to  the  north  line  of  the  county."7  Dr.  Newberry's 
lithologic  description  is  not  a  very  accurate  one  for  the  lower  part  of 
this  terrane.  Approximately  the  lower  130  feet  of  the  Cuyahoga  in 
this  basin  consists  mainly  of  black  to  bluish-black  shale,  with  the  ex- 
ception of  the  Aurora  sandstone  5  feet  or  more  in  thickness  near  its 
base.  This  shale  may  be  followed  eastward  across  northern  Ohio  to 
the  State  line  where  it  apparently  agrees  with  the  terrane  which  was 
named  the  Orangeville  shale  by  Dr.  I.  C.  White.8  This  shale  was  de- 

^m.  Jour.  Sci.,  3d  ser.  Vol.  XVIII,  p.  138. 

2Ann.  Kept.  Secretary  of  State  for  1878  (1879),  p.  594. 

3Geol.  Surv.  Ohio,  Vol.  VI,  1888,  p.  36  and  ibid.,  Vol.  VII,  p.  30.  In  these  re- 
ports the  thickness  of  the  Berea  shale  is  given  as  from  "fifteen  to  fifty  feet;"  but 
probably  nowhere  in  northern  Ohio  can  be  found  more  than  from  eleven  to  fifteen 
feet  of  the  Sunbury  shale. 

4Jour.  Geology,  Vol.  X,  p.  262. 

5Geol.  Surv.  Ohio,  Kept.  Prog,  in  1869,  p.  21. 

6Geol.  Surv.  Ohio,  Vol.  I,  p.  185. 

7Ibid.,  p.  210. 

8Second  Geol.  Surv.  Pa.,  Q3,  1880,  p.  63. 
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fined  by  Dr. White  as  "prevailingly  blue,  but  often  rusty  or  reddish-brown 
on  exposed  surfaces,  always  more  or  less  argillaceous,  seldom  exhibiting 
sandy  layers  more  than  6  inches  thick;  and  containing  considerable 
quantities  of  scattered  iron  ore  balls"  with  a  thickness  of  about  75  feet 
at  Orangeville.  It  was  stated  that  the  name  was  used  "merely  for  the 
convenience  of  avoiding  in  this  report  a  premature  discussion  of  the 
question  of  its  identification  with  the  Waverly  black  shales  of  Andrews, 
or  lower  member  of  the  Cuyahoga  shale  of  Newberry."1  The  term 
Waverly  black  slate  was  applied  by  Professor  Andrews  in  1870  to  a 
black  shale  in  southern  Ohio2  which  has  since  been  shown  to  be  the 
same  shale  as  that  which  is  now  called  the  Sunbury.  At  Orangeville 
the  Sunbury  shale  or  its  horizon  is  beneath  the  surface  and  the  base  of 
the  shale  bank  on  the  Pymatuning  Creek  is  above  the  horizon  of  the 
Aurora  sandstone  which  occurs  between  these  two  shales. 

The  stratigraphic  position  of  the  shale  on  the  creek  bank  in  Orange- 
ville was  clearly  shown  from  the  record  of  a  well  drilled  in  1901  and  1902 
in  the  creek  valley  above  the  State  Street  bridge  in  that  village.  The 
mouth  of  this  well  was  estimated  to  be  about  10  feet  higher  than  the 
base  of  the  shales  exposed  on  the  creek  bank  and  the  Berea  grit  was 
reached  at  a  depth  of  42  feet.3  The  Sunbury  shale  immediately  succeeds 
the  Berea  grit  and  the  thickness  of  apparently  its  equivalent  in  surface  ex- 
posures at  the  two  localities  nearest  Orangeville,  which  have  been  studied 
by  the  writer,  is  14  feet  on  the  bank  of  the  Mahoning  River  above  Warren, 
Ohio,4  and  probably  14^  feet  on  Walnut  Creek,  near  Cortland,  12  miles 
west  of  Orangeville.  This  indicates  that  the  base  of  the  shale  bank  on  the 
Pymatuning  Creek  at  Orangeville  is  some  18  feet  higher  stratigraphically 
than  the  top  of  the  Sunbury  shale,  which  apparently  was  not  included 
in  Dr.  White's  original  description  of  the  Orangeville  shales.  In  his 
following  report,  however,  the  Orangeville  shales  were  stated  to  be  the 
"bottom  deposits  of  the  Cuyahoga  formation  of  Ohio — 120  feet  thick  on  the 
Shenango  River  at  Sharon,  120  feet  thick  on  Cussewago  Creek,  usually  100 
feet  throughout  Crawford  County  [Pa.],  and  in  very  few  places  less  than 
GOfeet — are  generally  dark  bluish  shales  (with  a  few  scattered  thin  layers  of 
sand),  often  holding  small  lenticular  nodules  of  clay-iron  stone,  but  more 
commonly  weathering  brown  from  disseminated  iron."5  In  this  re- 
port Dr.  White  limited  the  top  of  the  Orangeville  shales  by  the  base  of 
the  Sharpsville  sandstone  and  their  base  by  the  top  of  the  Corry  sand- 
stone, beneath  which  are  the  Cussewago  shales  and  sandstone  in  north- 
western Pennsylvania.  It  will  be  shown  later  in  this  bulletin  that  the 
Corry  sandstone  and  Cussewago  shales  and  sandstone  of  Pennsylvania 
are  the  eastern  continuation  of  the  Berea  sandstone  of  Ohio.  Dr. 

Second  Geol.  Surv.  Pa.  Q3,  p.  63. 

2Geol.  Surv.  Ohio,  Kept.  Prog,  in  Sec.  Dist.,  in  [1869],  p.  66. 

3Jour.  Geology,  Vol.  X,  1902,  p.  308. 

4Ibid.,  p.  301. 

5Second  Geol.  Surv.  Pa.,  Q4,  1881,  p.  89. 
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White  also  apparently  cited  the  exposure  of  Sunbury  shale  near  Warren, 
Ohio,  as  in  the  Orangeville  shales,1  and  referred  especially  to  the  abun- 
dant fossils  near  the  bottom  which  is  characteristic  of  the  Sunbury 
shale.  From  the  above  account  it  appears  that  the  Orangeville  shales 
as  denned  by  Dr.  White  directly  succeed  the  Berea  sandstone  of  Ohio, 
and  extend  up  to  the  base  of  the  Sharps ville  sandstone  of  Pennsylvania. 
This  terrane  extends  from  western  Pennsylvania  to  the  Cuyahoga  Valley 
and  it  is  probably  better  to  consider  it  a  geologic  unit  for  mapping  in 
northern  Ohio,  which  may  be  called  the  Orangeville  formation.  On 
this  classification  the  Sunbury  shale  in  northern  Ohio  becomes  the  lower 
member  of  the  Orangeville  formation  as  the  writer  indicated  in  1902, 2 
and  the  other  members  will  be  described  later  in  this  bulletin. 

It  is  to  be  remembered  that  for  some  years  Prof.  H.  P.  Gushing  of 
Western  Reserve  University  has  maintained  that  the  Orangeville  shale, 
as  above  limited,  is  the  lithologic  unit  which  ought  to  be  accepted  for 
mapping  in  northern  Ohio,  as  he  has  said  to  the  writer,  and  as  has  been 
reported  in  the  paper  last  cited. 

Prof.  C.  L.  Herrick  in  his  section  of  the  "Cuyahoga  Valley  and  Bed- 
ford" reported  the  "Berea  black  shale  10-15  ft."3  between 
the  Berea  grit  and  the  "flags  and  shales"  in  the  lower  part  of  the  Cuya- 
hoga shale,  using  this  latter  term  in  the  sense  employed  by  Dr.  Orton.4 
Judging  from  the  thickness,  however,  this  Berea  shale  of  Herrick  would 
appear  to  correspond  more  nearly  with  the  Berea  shale  of  Meek  as 
shown  in  the  quarries  at  Berea  than  to  the  Orangeville  formation,  which 
according  to  Professor  Herrick's  section  is  the  interval  that  it  fills.  The 
Orangeville  formation  in  the  Cuyahoga  basin  varies  from  115  to  nearly 
130  feet,  so  that  Herrick's  estimate  of  the  thickness  of  this  interval  is 
erroneous  as  given  in  this  section.  At  the  lower  end  of  the  Cuya- 
hoga, gorge  about  the  upper  15  feet  of  the  shale  of  the  Orangeville  for- 
mation is  shown,  which  on  the  weathered  bank  is  similar  in  appear- 
ance to  the  lower  shale  under  similar  conditions,  and  perhaps  Pro- 
fessor Herrick  regarded  them  as  identical.  It  is  also  not  improbable 
that  he  may  have  seen  the  Aurora  sandstone,  which  overlies  the  Sunbury 
shale,  at  a  locality  where  favorably  exposed  and  mistaken  it  for  the 
Sharpsville  sandstone — the  one  super jacent  to  the  Orangeville  for- 
mation. 

Finally,  No.  3  of  Newberry's  Bedford  section,  which  he  described 
as  "thin-bedded,  yellow  sandstone"  10  feet  thick,  is  the  Aurora  sandstone 
super  jacent  to  the  Sunbury  shale,  7J  feet  of  which  is  shown  on  the  bank 
above  the  former  quarry  in  the  section  above  the  Pennsylvania  Rail- 
road viaduct.  This  zone  forms  the  upper  part  of  Plate  IX  and  shows 
the  thin-bedded  sandstones  and  layers  of  shale  which  compose  it. 

'Ibid.,  p.  90. 

2Jour.  Geology,  Vol.  X,  p.  312. 

3Bull.  Geol.  Soc.  America,  Vol.  II,  p.  40. 

4See  ibid.,  p.  35. 

8— G.  B.  15. 
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Farther  up  the  creek  on  its  eastern  bank  and  just  above  the  old 
Bedford  Rolling  Mills  is  a  section  showing  the  upper  terranes  of  the 
previous  one. 

Section  above  the  Old  Bedford  Rolling  Mills. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

3.  Aurora  sandstone.     Gray,  fine-grained,  thin- 

bedded  sandstone,  alternating  with  lay- 
ers of  shale,  the  sandstones  predomi- 
nating  ...  74  35 

2.  Sunbury   shale.    Argillaceous   shale,    split- 

ting into  thin  laminae,  which  are  mainly 
of  gray  color,  but  occasionally  vary  from 
blackish-gray  to  black,  bituminous  shale. 
At  the  base,  Lingula  melie  Hall  (small 
specimens),  and  Orbiculoidea  herzeri 

Hall  and  Clarke,  occur  sparingly 6        __     •    27  8 

1.  Berea  grit.  Some  of  the  upper  layers  thin- 
bedded;  but  lower  ones  massive,  varying 
from  coarse-grained  sandstone  to  grit. 
Partly  covered  to  creek  level  and  only 
about  the  upper  half  of  the  formation  is 
exposed 21  8  21  8 

Another  section  still  farther  up  the  stream  was  studied  near  the 
upper  end  of  the  high  banks  under  the  bridge  of  the  A.  B.  C.  Division 
of  the  Northern  Ohio  Traction  and  Light  Company.  At  this  locality 
the  Berea  grit  forms  the  floor  of  the  creek  and  extends  up  the  bank  for 
some  feet,  but  the  best  exposure  of  the  shale  is  on  the  south  bank  di- 
rectly beneath  the  traction  bridge. 

Section  at  the  A.  B.  and  C.  Traction  Bridge, 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

5.  Brecksville  shale.  Bluish  to  bluish-gray 
shale,  with  an  occasional  blackish 
streak,  which  breaks  into  very  small 
pieces  as  weathered,  and  shown  on  the 
upper  part  of  the  bank 10  10  51 

4.  Aurora   sandstone.    Alternating  shales  and 

sandstones    of    bluish-gray    color,    the 

sandstones  predominating   8          3  40          2 

3.  Sunbury  shale.    Thin  argillaceous,  bluish- 

gray  shales,  splitting  into  small  pieces. 
At  the  base,  a  blackish,  bituminous 
shale  1  inch  in  thickness,  which  splits 
into  thin,  smooth  layers,  and  contains 
Lingula  melie  Hall.  In  Uthologic  ap- 
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No. 


Thickness. 


Ft.        In. 


pearance  only  the  1  inch  of  blackish  shale 
at  the  base  of  this  zone  resembles  the 
Sunbury  shale  of  central  and  southern 
Ohio,  and  this  is  not  as  black  as  typical 
Sunbury  shale.  It  is  probable,  however, 
that  the  bluish  color  and  other  charac- 
ters of  this  zone  are  a  local  variation, 
and  that  all  of  it  may  be  correlated  with 
the  Sunbury  shale.  This  conclusion  is 
supported  by  the  overlying  zone  of  bluish- 
gray  sandstones  and  shales  which  almost 
invariably  succeeds  the  Sunbury  shale. _  5 

2.  Berea  grit.  Massive,  grayish,  rather 

coarse-grained  sandstone  21 

1.  Shaly  to  thin-bedded,  blue  sandstone  to 
creek  level,  all  of  which  is  in  the  Berea. 
The  sandstone  in  the  bed  of  the  creek 
shows  numerous  ripple-marks 5 


Total 
thickness. 
Ft.  In. 


31        11 

26          6 


The  last  three  sections,  viz.,  "at  the  A.  B.  and  C.  Traction  Bridge," 
"above  the  Bedford  Rolling  Mills"  and  "above  the  Cleveland  and 
Pittsburgh  Railroad  viaduct"  in  about  the  same  form  as  herewith  pre- 
sented, were  first  published  by  the  writer  in  1902  in  the  Journal  of  Geo- 
logy. ' 

The  thickness  of  the  formations  from  the  lowest  rocks  studied  on 
Tinkers  Creek  to  the  top  of  the  bank  beneath  the  A.  B.  and  C.  Traction 
bridge  is  indicated  on  the  following  diagrammatic  section: 

General  Section  of  Formations  on  Tinkers  Creek. 


224' 
213'  + 

11'- 

Top  of  shales  below  A.  B.  and  C.  Traction  bridge 
Brecksville  shale 

2041' 

8i' 

Aurora  sandstone 

1QC5  t 

6' 

Sunbury  shale 
(5|  to  6  feet) 

iyo6 

1KQ1  ' 

39$' 

Berea  grit 

71  J  ' 

88' 

Bedford  formation 

•  A2 

80' 

21*- 

Cleveland  shale 

0' 

50' 

Chagrin  formation 
As  far  down  creek  as  studied 

lVol.  X,  pp.  297-299. 
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Sagamore  Creek  Sections.  —  A  stream  crosses  the  southwestern 
and  southeastern  corners  of  Bedford  and  Newburg  townships  which 
affords  interesting  outcrops  of  the  older  formations  shown  on  Tinkers 
Creek.  The  stream  is  known  as  Sagamore  or  Sogamore  Creek;  but 
the  former  spelling,  which  is  that  used  by  the  Lake  Erie  and  Pittsburgh 
Railroad,  has  been  accepted  by  the  writer.  This  creek  crosses  the  high- 
way on  the  eastern  side  of  the  Cuyahoga  River  about  one-half  mile 
southeast  of  Alexander  and  one  and  one-fourth  miles  southeast  of  where 
the  highway  crosses  Tinkers  Creek. 

The  lowest  outcrops  of  the  Chagrin  formation  occur  50  feet  baro- 
metrically higher  than  the  level  of  the  Cuyahoga  River  bridge  at  Alexan- 
der. These  consist  of  bluish,  argillaceous  shale  containing  small,  iron- 
stone concretions  which  occur  in  somewhat  definite  layers.  About  2 
feet  above  the  base  of  the  outcrop  is  a  zone  containing  a  considerable 
number  of  specimens  of  Liorhynchus  ohioense  n.  sp.?;  a  few  of  Camaro- 
tcechia  and  one  fragment  of  a  Spirifer,  probably  S.  disjunctus.  The 
specimens  of  Liorhynchus  were  fairly  abundant  in  this  thin  zone  and 
mainly  in  shale;  but  an  occasional  specimen  was  also  found  in  the  small 
concretions  which  occur  at  about  the  same  horizon.  A  little  farther 
up  the  bank  are  cliffs  50  feet  or  more  in  height  containing  occasional 
layers  of  thin  sandstones  which  are  more  conspicuous  in  the  upper  half 
of  the  cliff. 

Farther  up  the  stream,  on  its  southern  bank  and  about  90  feet 
higher  (barometrically)  than  the  lowest  outcrops  of  the  Chagrin  for- 
mation, is  its  contact  with  the  Cleveland  shale.  At  this  locality  is  a 
steep  bank,  about  the  lower  45  feet  of  which  belongs  in  the  Chagrin  for- 
mation, capped  by  some  15  feet  of  Cleveland  shale;  but  not  showing  the 
entire  thickness  of  the  latter.  One  foot  nine  inches  above  the 
base  of  the  Cleveland  shale  is  a  6-inch  zone  of  bluish  sandstone  and  shale 
with  the  lithologic  characters  of  the  Chagrin.  The  thin  sandstone  is  at 
the  base  of  this  zone  and  is  about  1J  inches  thick.  Just  above  this 
cliff  on  the  bank  of  the  creek,  forming  its  floor  in  high  water,  is  a  fossil- 
iferous  zone  in  which  are  abundant  specimens  of  Liorhynchus  n.  sp.,  where 
in  fact  the  specimens  of  this  species  occur  in  immense  numbers.  In 
addition  to  the  Liorhynchus,  specimens  of  Grammy 'sia,  Camarotoechia 
and  Lingula  occur. 

Farther  up  the  creek,  on  the  opposite  side,  is  a  steep  bank,  on  which 
the  entire  thickness  of  the  Cleveland  shale  is  shown,  which  has  furnished 
the  following  section: 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

7.  Sagamore  lentil  of  Bedford  formation.  Massive,  bluish- 
gray,  rather  fine-grained  sandstone,  which  weathers  to 
a  buff  color .-  3  100 

6.    Thinner  bedded,  bluish  sandstone,  alternating  with  shale.-      6±    97 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

5.  Mainly  bluish,    argillaceous  shales,   with  thin  layers   of 

sandstone 21        91 

4.  Sandstone  stratum,  4+   inches  thick,  with  fossils  in  its 

upperpart  i+  70 

3.     Mainly  bluish  shale,  with  thin  layers  of  sandstone 3£  69| 

2.     Cleveland  shale,  black  and  bituminous 26  66 

1.     Chagrin  formation  to  creek  level 40  40 

In  loose  blocks  in  the  creek  at  the  foot  of  the  above  section  were 
specimens  of  Spirifer  disjunctus  Sowb.,  Athyris,  Camarotoechia  and 
Liorhynchus,  all  of  which  were  associated  in  the  same  block  from  the 
upper  part  of  the  Chagrin  formation. 

The  above  section  gives  26  feet  for  the  entire  thickness  of  the 
Cleveland  shale,  both  limits  of  which  are  shown,  together  with  the  lower 
34  feet  of  the  Bedford  formation.  It  is  thought  best  to  regard  the  base 
of  No.  7  as  the  base  of  the  sandstone  zone,  although  there  are  some 
thinner  bedded  sandstones  in  the  subjacent  zone.  This  gives  31  feet 
from  the  base  of  the  sandstone  lentil  to  the  top  of  the  Cleveland  shale, 
which  is  some  ten  feet  less  than  the  thickness  of  the  corresponding 
interval  on  Tinkers  Creek,  some  3j  miles  to  the  northeast.  This  differ- 
ence in  the  thickness  of  that  portion  of  the  formation  below  the  sand- 
stone zone  is  probably  due  to  its  lenticular  shape  and  shows  an  earlier 
invasion  of  the  sandy  deposits  on  Sagamore  than  Tinkers  Creek. 

A  gully  on  the  southern  bank  of  Sagamore  Creek  only  a  few  rods 
below  the  embankment  of  the  Lake  Erie  and  Pittsburgh  Railroad 
afforded  the  following  section  of  continuous  rock  exposures: 

Section  on  Sagamore  Creek  Below  Railroad  Culvert. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

10.    Sagamore    lentil   of  Bedford  formation.     Bluish   to   buff 
sandstone,    alternating    with    blue    shale.     Sandstone 

ripple-marked 16        90— 

9.     Thick,  massive  sandstone If      73f 

8.     Shale,  alternating  with  thin  sandstones 1        72 

7.  Lowest  thick  sandstone,  very  compact,  blue,  and  slightly 
calcareous,  with  ripple-marks  on  the  upper  surface. 
Base  of  Sagamore  lentil f  71  + 

6.  Bluish,    argillaceous    and   arenaceous   shales,    alternating 

with  thin  layers  of  bluish  sandstone  an  inch  or  a  little 

more  in  thickness 24f      70^ 

5.  Compact,    calcareous  sandstone,   5-7  inches   thick,   with 

iron  pyrite  in  upper  part,  and  the  lower  two  inches  the 

most  calcareous i±  45| 

4.    Mainly  bluish,  argillaceous  shale,  with  an  occasional  sandy 

layer _ _...! 3|      45 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

3.  Cleveland    shale.    All    compact,    dense,    massive,    black 

shale  as  shown  in  the  gully  23        41£ 

2.  Chagrin  formation.     Soft,  bluish,  argillaceous  shale 3f      18^ 

1.  Alluvial  deposit  to  level  of  Sagamore  Creek 14|      14? 

In  the  above  section  from  the  top  of  the  Cleveland  shale  to  what 
was  called  the  base  of  the  Sagamore  lentil  is  29  +  feet,  overlying  which  is 
19J  feet  of  the  Sagamore  sandstone  without  reaching  the  top  of  the  lentil. 

On  the  northern  side  of  the  creek,  only  a  short  distance  below  the 
railroad  culvert,  is  a  steep  bank  on  which  is  shown  the  entire  thickness 
of  the  Cleveland  shale  as  well  as  that  of  the  lower  shaly  part  of  the  Bed- 
ford formation.  This  section  was  leveled  by  Mr.  Morse,  who  obtained 
the  following  thickness  for  the  several  intervals: 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

4.  Sagamore   lentil  of  the  Bedford  formation.     Bluish-gray 

sandstone,  separated  by  some  layers  of  bluish  shale  to 
thin  sandstone;  estimated  that  10  to  15  feet  caps  the 
top  of  this  cliff 10+  77  + 

3.  Mostly  bluish  to  bluish-gray  shale,  with  thin  layers  of 

bluish  sandstone.    Almost  at  the  base  apparently  the 

dorsal  valve  of  Syringothyris 28|      67 -f 

2.  Cleveland  shale 26        38| 

1.     Chagrin  formation  to  level  of  creek;  but  the  rocks  are  partly 

concealed 12|      12| 

The  last  two  sections  are  on  opposite  sides  of  the  creek  and  only 
a  few  rods  apart.  It  will  be  noticed  that  the  thickness  of  the  lower 
shaly  portion  of  the  Bedford  formation  is  in  close  agreement  in  the  two 
sections,  viz.,  28|  feet  on  the  northern  bank  and  29+  feet  on  the  southern 
as  leveled  by  the  writer.  The  thickness  of  the  Cleveland  shale  is  not 
so  uniform,  since  26  feet  was  obtained  on  the  northern  bank  and  but  23 
feet  on  the  southern. 

On  the  northern  bank,  just  above  the  railroad  culvert,  a  quarry 
had  been  opened  for  the  railroad,  which  in  June,  1907,  furnished  the 
following  section : 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

5.  Layers   of   blue   sandstone,    alternating   with   arenaceous 

shales  and  thin  sandstones.  The  good  sandstone  vary- 
ing from  6  inches  to  a  foot  in  thickness.  The  sand- 
stone layers  frequently  thin  out  or  become  concretion- 
ary, even  the  subjacent  2-foot  layer.  There  are  also 
contorted  layers,  and  in  general  this  sandstone  does 
not  appear  to  be  a  very  desirable  quarry  stone 16  20 

4.  Blue,  fine-grained  sandstone  near  foot  of  quarry  wall 2          4 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.    Feet. 

3.     Blueshale H        2 

2.     Sandstone I          I 

1.  Blue  shale;  but  this  lower  part  of  the  bank  was  mainly  con- 

cealed by  debris   

The  barometer  made  the  floor  of  this  quarry  30  feet  higher 
than  the  top  of  the  Cleveland  shale  on  the  bank  below  the  railroad 
culvert,  and  it  will  be  remembered  that  on  this  lower  bank  the  thickness 
of  the  lower  shaly  portion  of  the  Bedford  by  level  is  28  J  feet.  It,  there- 
fore, appears  that  the  sandstone  at  the  base  of  this  quarry  is  at  the  base 
of  the  Sagamore  sandstone  and  all  of  the  superjacent  rock  belongs  in 
this  lentil.  This  interpretation  is  supported  by  the  section  in  the  gully 
on  the  southern  side  of  the  creek  in  which  the  lowest  sandstone  layer 
of  this  lentil  is  9  inches  thick  (8  inches  in  this  section),  then  a  zone  of 
shale  and  thin  sandstones  1  foot  thick  (shale  zone  of  1  foot  4  inches  in 
this  section),  and  then  a  massive  sandstone  1  foot  9  inches  thick  which 
is  apparently  represented  by  the  2-foot  sandstone  in  this  section.  It  will 
also  be  seen  from  the  description  of  the  next  section  that  the  top  of  this 
quarry  and  bank  nearly  reaches  to  the  top  of  this  sandstone  lentil. 

On  the  opposite  side  of  the  creek  and  a  little  farther  up  stream  the 
railroad  has  opened  another  quarry  which  gave  the  following  section: 

Section  on  Sagamore  Creek  above  Railroad  Culvert. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

7.  Bedford  formation.  Shale  and  shaly  sandstone  to  the  top 
of  the  bank  in  alternating  zones,  and  none  of  the  sand- 
stone more  than  4  or  5  inches  thick.  Not  measured, 
but  estimated  as  about  10  feet  in  thickness 10±  32 

6.  Sagamore  lentil  of  Bedford  formation.  Rather  irregular 
layers  of  bluish  to  buff,  fine-grained  sandstone,  some  of 
which  show  ripple-marks,  separated  by  layers  of  bluish 
shale,  and  shaly  sandstone.  There  are  also  some  con- 
cretionary layers 16i  22 

5.  Fine-grained,  bluish  sandstone,  with  shale  partings  of 

variable  thickness If  5| 

4.    Massive  layer  of  sandstone  from  24  to  25  inches  thick 2'         4 

3.     Shale  zone  __'_ 1|        2 

2.  Sandstone  layer  and  bottom  of  Sagamore  lentil f          -f 

1.     Blue  shale;  but  lower  part  of  bank  covered  by  debris 

A  view  of  the  bank  showing  the  Sagamore  lentil  and  overlying 
shale  described  in  the  preceding  section  is  shown  in  Plate  X,  in  which 
Mr.  Morse  is  marking  the  top  of  the  2-foot  sandstone  layer  No.  4  of 
the  section. 

It  will  be  seen  in  the  above  section  that  the  lower  three  zones  of 
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the  quarry  correspond  very  closely  in  thickness  with  those  in  the  quarry 
just  above  the  railroad  culvert  as  well  as  with  the  lower  three  zones 
of  the  sandstone  lentil  in  the  gully  on  the  southern  side  of  the  creek  just 
below  the  railroad  embankment.  It  is  thought  that  in  the  three  sections 
they  represent  the  same  stratigraphic  horizon,  and  the  base  of  the  low- 
est sandstone  is  regarded  as  marking  the  base  of  this  sandstone  lentil. 
Its  upper  limit  is  clearly  shown  and  well  marked  in  the  upper  railroad 
quarry  where  the  sandstones  are  succeeded  by  rocks  in  which  shales  pre- 
dominate. In  this  quarry  the  thickness  of  the  sandstone  zone  is  22 
feet,  and  on  account  of  its  typical  outcrops  on  this  creek  it  has  been 
named  from  it  the  Sagamore  lentil.  The  writer's  attention  was  first 
called  to  this  sandstone  as  shown  in  Sagamore  Creek  and  vicinity  by 
Prof.  H.  P.  Gushing,  who  stated  at  that  time  that  it  was  stratigraphically 
higher  than  the  sandstone  lentil  found  at  Euclid  and  other  quarries 
in  the  immediate  vicinity  of  Cleveland. 

As  already  stated  the  base  of  the  sandstone  lentil  on  Sagamore 
Creek  is  stratigraphically  lower  than  that  of  the  one  on  Tinkers  Creek, 
the  former  about  29  feet  above  the  top  of  the  Cleveland  shale  and  the 
latter  about  41  feet;  but  the  thickness  in  both  creeks  is  apparently 
the  same  or  22  feet.  Since  the  sandstones  partly  overlap  stratigraph- 
ically it  is  thought  best  to  use  the  same  name  for  them  at  both  localities. 

Farther  up  the  stream  on  its  northern  bank  and  above  the  upper 
quarry,  is  a  fine  exposure  of  the  lower  shales  of  the  Bedford  formation. 
Still  farther  up  the  stream  and  continuing  above  the  first  north  and 
south  highway  is  the  Sagamore  sandstone  lentil  which  in  this  part  of 
the  stream  forms  its  floor  and  bank.. 

The  thickness  of  the  entire  Bedford  formation  was  not  accurately 
learned.  On  the  north  and  south  road,  on  the  hill  to  the  south  of  the 
creek  are  outcrops  of  the  Berea  grit;  but  it  is  not  certain  that  its  base  is 
shown.  From  this  outcrop,  however,  down  to  the  top  of  the  Cleveland 
shale  on  the  bank  of  the  creek  below  the  upper  quarry  the  barometer 
gave  85  feet.  The  apparent  base  of  the  Berea  grit  is  also  shown  on  the 
east  and  west  highway  which  lies  to  the  north  of  the  creek,  and  the 
barometer  gave  70  feet  from  this  outcrop  to  the  base  of  the  Sagamore 
sandstone  in  the  upper  railroad  quarry.  If  to  this  the  28 J  or  29  feet  of 
the  lower  shale  be  added,  it  will  give  about  99  feet  for  the  apparent 
thickness  of  the  Bedford  formation.  Again,  the  base  of  the  Berea  grit  is 
shown  in  the  railroad  cut  to  the  south  of  Sagamore  Creek.  The  average 
of  two  readings  of  the  barometer  made  the  base  of  the  Berea  in  this 
cut  42J  feet  higher  than  the  top  outcrop  of  the  Sagamore  sandstone  in 
the  gully  near  the  railroad  culvert  and  just  west  of  the  embankment. 
If  to  this  be  added  the  48|  feet  of  rock  down  to  the  top  of  the  Cleveland 
shale  it  will  give  91  feet  for  the  thickness  of  the  Bedford  formation. 
These  thicknesses  of  99,  85  and  91  feet  indicate  that  the  Bedford  for- 
mation in  this  vicinity  has  probably  a  thickness  of  some  90  feet  or  more. 
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As  just  stated,  the  contact  of  the  Bedford  formation  and  Berea 
grit  was  clearly  shown  in  the  first  Lake  Erie  and  Pittsburgh  Railroad 
cut  to  the  south  of  the  culvert  over  Sagamore  Creek  when  the  road  was 
in  process  of  construction.  The  upper  part  of  the  Bedford  formation  in 
this  cut  consists  of  a  fissile,  rather  soft  blue  or  chocolate  colored  shale. 
In  the  main  it  is  apparently  blue  shale;  but  there  are  portions  which 
are  of  decided  chocolate  color.  The  latter  are  apparently  local  por- 
tions that  have  been  reddened  and  not  any  definite  zone  in  the  upper 
part  of  the  formation.  At  the  bftse  of  the  Berea  in  this  cut  is  generally 
a  rather  massive  layer  and  then  the  higher  rock  is  mainly  thin-bedded, 
much  of  it  not  more  than  1  or  2  inches  in  thickness  and  strongly  cross- 
bedded  as  shown  in  Plate  XI,  A.  There  is  perhaps  12  feet  of  the  sand- 
stone shown  in  the  cut  where  it  is  thickest;  but  in  some  parts  the  Bed- 
ford extends  so  high  that  only  a  few  feet  of  the  Berea  appears.  The 
contact  of  the  Bedford  and  Berea  formations  is  an  irregular  one  as 
was  shown  for  some  distance  along  this  cut.  This  structure  shows 
unconformity  by  erosion  and  the  contact  of  the  two  formations 
and  line  of  disconformity  is  seen  in  Plate  XI,  B,  as  it  appeared  in  1907 
during  the  construction  of  the  railroad.  This  break  in  the  continuity 
of  deposition  and  uneven  surface  of  the  Bedford  indicates  an  elevation 
of  the  sea  bottom  on  which  the  Bedford  sediments  were  deposited  until 
the  sea  became  very  shallow  or  perhaps  its  bottom  was  raised  to  a  land 
surface.  It  is  perhaps  an  open  question  whether  this  disconformity 
represents  any  considerable  time  •  interval  between  the  deposition  of 
the  two  formations  or  not.  The  evidence,  however,  at  some  other  lo- 
calities where  the  contact  of  these  two  formations  occurs  appears  to 
the  writer  to  indicate  that  the  disconformity  does  represent  more  than 
an  inconsiderable  period  of  time. 

The  evidence  favoring  a  line  of  disconformity  between  the  Bedford 
and  Berea  is  not  confined  to  their  contact  in  this  railroad  cut  or  the 
vicinity  of  Cleveland;  but  has  been  noticed  at  various  localities  in  north- 
ern and  central  Ohio,  some  of  which  will  be  described  in  other  portions 
of  this  bulletin. 

Disconformity  is  used  as  defined  by  Dr.  Grabau  "to  cover  uncon- 
formable  relation  of  strata  where  no  discordance  of  dip  exists."1  For 
this  type  of  unconformity  Professor  Crosby  has  recently  proposed  the 
name  para-unconformity.* 

The  irregular  surface  of  the  Bedford  shale  was  noted  by  Dr.  New- 
berry  who  stated  that  "In  most  localities  where  the  Bedford  shale  is 
exposed,  the  upper  surface  is  very  irregular,  and  it  is  evident  that  this 
formation  has  been  extensively  eroded  by  the  agency  which  transported 
the  beds  of  sand  now  consolidated  into  the  Berea  grit.  It  is  probably 

'Science,  N.  S.,  Vol.  XXIX,  May  7,  1909,  p.  750.      This  term  was  first  proposed 
by  Dr.  Grabau  in  1905  in  Science,  Vol.  XXII,  Oct.  27,  p.  534. 
2Jour.  Geol.,  Vol.  XX,  1912,  p.  296. 
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due  to  this  fact  that  the  red  shale  is  so  frequently  found  to  be  wanting 
in  the  section. "i  Preceding  this  excerpt  under  the  description  of  the 
Bedford  shale  Dr.  Newberry  reported  that  in  northern  Ohio  it  consists 
of  "seventy  to  seventy-five  feet  of  argillaceous  shale,  of  which  the  upper 
portion  is  generally  of  a  marked  red  color,  while  the  lower  portion  is 
dark  bluish  gray."  It  is  obvious  from  the  above  excerpts  that  Dr. 
Newberry's  idea  of  the  reason  for  the  non-appearance  of  the  red  shale 
in  some  localities  was  because  it  had  been  eroded  before  or  in  connection 
with  the  deposition  of  the  Berea  sands. 

Dr.  Orton  also  considered  the  conditions  under  which  the  Bedford 
and  Berea  formations  had  been  deposited  and  wrote  as  follows: 

"A  very  marked  change  in  the  geography  of  Ohio  took  place  during 
the  Bedford  and  Berea  epochs.  The  western  half  of  the  State  was 
mainly  converted  into  dry  land  by  the  great  extension  of  the  Cincinnati 
axis,  and  both  of  the  formations  named  above  are  shore  deposits.  They 
carry  the  proofs  of  this  origin  in  unmistakable  characters.  They  are 
ripple  marked  from  [one]  end  of  the  State  to  the  other,  and  mud  casts 
and  worm  burrows  abound,  especially  in  the  Bedford  shale."2 

It  appears  to  the  writer  that  these  erosion  channels  belong  in  the  di- 
vision termed  "superficial"  by  Dr.  Ulrich  which  he  states  "embraces  all 
subaerial  channels  formed  by  running  water,  including  tidal  overflows." 
The  other  two  classes  are  called  "submarine"  and  "subterranean." 
The  submarine  are  stated  to  embrace  "all  channels  produced  by  currents 
scouring  the  sea  bottom;  [but]  these  are  very  rare  as  strong  currents 
manifestly  seldom  occur  in  the  shallower  epicontinental  seas."  The 
subterranean  class  "includes  solution  cavities  and  caverns  formed  in 
limestones  and  dolomites  by  the  action  of  acidulated  surface  waters."3 
It  is  obvious  that  these  channels  do  not  belong  in  the  third  class  of  the 
above  classification  and  it  also  appears  to  the  writer  that  evidence  in 
some  of  the  localities  also  excludes  them  from  the  second  or  submarine. 
According  to  the  reasoning  of  some  geologists  this  unconformability  and 
coarse  material  of  the  Berea  would  be  considered  as  indicating  a  new 
cycle  of  deposition  in  a  new  time  period  and  would  be  considered  as 
evidence  in  favor  of  regarding  the  contact  of  the  Bedford  and  Berea 
formations  as  the  line  of  division  between  the  Devonian  and  Carboni- 
ferous systems. 

Chippewa  Creek  Sections, — Cuts  on  the  Cleveland  Terminal  and 
Valley  Railroad  (Baltimore  and  Ohio)  both  above  and  below  Brecksville 
station  show  very  well  the  upper  part  of  the  Chagrin  shales.  The  one  just 
below  the  station  is  the  better  where  56  feet  of  rock  is  shown  composed 
principally  of  blue  somewhat  gritty,  argillaceous  shale  which  weathers  into 
a  light  blue  and  very  fine  shale  on  the  face  of  the  cliff.  In  the  upper  part  of 

'Geol.  Surv.  Ohio,  Vol.  II,  1874,  p.  91. 

2 Ann.  Kept.  Secretary  of  State  for  1879  (1880),  p.  599. 

Science,  N.  S.,  Vol.  XXX,  Dec.  31,  1909,  p.  973. 


PLATE  XI. 


A. — Cross-bedding  in  lower  part  of  Berea  sandstone,  in  Lake  Erie  and  Pittsburgh 
Railroad  cut  south  of  Sagamore   Creek.     See  page   105. 


B. — Disconformity  between  Bedford  and  Berea  formations  as  formerly  shown  in 
Lake  Erie  and  Pittsburgh  Railroad  cut  south  of  Sagamore  Creek.     See  page  105. 
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the  cut  the  surface  of  some  of  the  layers  as  weathered  is  brownish  from 
the  iron.  There  is  an  occasional  layer  a  little  thicker  and  also  the 
slightly  calcareous  concretions  which  weather  to  a  rusty  color;  but  in 
the  main  the  bank  is  a  mass  of  fine  argillaceous  shale. 

On  the  opposite  bank  of  the  river  and  a  little  farther  north  is 
a  rather  steep  cliff,  the  lower  portion  evidently  the  Chagrin  shale,  while 
the  upper  part  is  apparently  tougher  and  probably  is  the  lower  part  of 
the  Cleveland  shale. 

Chippewa  Creek  crosses  Brecksville  Township  along  its  middle 
portion  from  west  to  east  and  enters  the  Cuyahoga  River  a  little  south 
of  Brecksville  station  about  9J  miles  east  of  south  of  Newburg  Falls. 
The  mouth  of  the  creek  is  about  4J  miles  southeast  of  the  Independence 
quarry  at  South  Park  and  5J  miles  southwest  of  the  glen  on  Tinkers 
Creek  at  Bedford.  The  lower  course  of  the  stream  is  cut  out  of  the  soft 
Chagrin  shales;  but  above  this  formation,  through  the  Cleveland  shale 
and  Bedford  formation  to  the  base  of  the  Berea  grit  under  the  highway 
bridge  below  and  east  of  Brecksville,  it  has  cut  a  deep  gorge  which  is 
wild  and  rugged.  In  this  part  of  its  course  the  stream  has  a  rapid  de- 
scent and  immense  loose  blocks  of  Berea  grit  lie  in  the  channel  which 
render  it  laborious  to  follow  and  the  bed  rocks  are  also  largely  concealed 
by  the  alluvial  deposits  and  large  boulders.  The  gorge  is  rather  narrow 
through  the  Berea  grit,  but  the  banks  are  not  high  again  until 
more  than  one-half  mile  above  Brecksville  when  the  creek  is  bordered 
for  one  and  one-half  miles  or  more  by  the  Orangeville  formation,  which 
in  turn  is  overlain  by  thin-bedded  sandstones  and  shales.  This  is  an  inter- 
esting stream  on  which  part  of  the  formations  above  enumerated  are 
excellently  shown  and  one  well  worthy  of  study. 

The  shale  banks  on  the  lower  part  of  Chippewa  Creek  which  are 
neither  continuous  nor  high  are  in  the  upper  part  of  the  Chagrin  forma- 
tion with  about  the  same  lithologic  character  as  in  the  railroad  cut 
which  has  already  been  described.  Toward  the  top  of  the  shale  it  is 
rather  fossiliferous  and  the  best  locality  known  for  collecting  in  this 
formation  in  the  Cleveland  region  is  in  the  bed  of  this  creek  about  half 
way  from  its  mouth  to  Brecksville.  It  is  opposite  a  high  shale  cliff, 
the  lower  20  feet  of  which  belongs  in  the  Chagrin  while  above  is  the 
tougher  Cleveland  shale,  the  line  of  contact  being  sharply  marked  on 
the  bank.  This  cliff  is  in  plain  sight  from  the  highway  leading  from 
Brecksville  station  to  Brecksville,  a  short  distance  west  of  the  house  of 
Mr.  C.  H.  Miller  and  about  midway  between  the  railroad  station  and 
village.  The  best  place  for  collecting  is  in  the  bed  of  the  creek  where 
the  fossils  occur  most  abundantly  in  the  bluish,  soft  shales,  although  the 
harder  layers  are  also  fossiliferous.  The  fossils  break  badly  in  the 
soft  shales,  but  a  considerable  fauna  may  be  obtained  providing  care 
is  exercised  in  collecting  and  packing  them.  The  very  fossiliferous 
horizon  in  the  bed  of  the  creek  on  the  northern  side 'is  about  opposite 
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the  upper  end  of  the  cliff  and  some  20  feet  below  the  base  of  the  Cleve- 
land shale;  but  some  fossils  were  found  in  both  the  shales  and  concretions 
nearly  as  high  as  the  top  of  the  formation.  A  little  farther  up  the  stream 
than  the  very  fossiliferous  locality  already  described  and  on  the  same 
side  of  it,  but  a  little  higher  stratigraphically,  in  certain  layers  fossils 
are  fairly  abundant,  especially  Dalmanella  tioga  (Hall)  Wms.  The 
calcareo-ferruginous  concretions  also  contain  a  number  of  speci- 
mens, particularly  of  Spirifer  disjunctus  Sowb.  and  Dalmanella  tioga 
(Hall)  Wms.  The  Spirifers,  however,  are  not  so  abundant  as  in  the 
lower  locality.  The  soft  shales  also  contain  specimens  of  Cyrtia  alia 
Hall,  although  generally  they  are  badly  crushed  and  broken.  The 
following  species  have  been  identified  from  this  locality,  all  of  which 
were  obtained  in  about  an  hour's  time: 

1.     Spirifer  disjunctus  Sowb. (a) 

There  are  New  York  Chemung  specimens  preserving  the  thin 
shells,  and  having  plications  of  similar  strength  to  those 
of  these  specimens.  The  hinge  area  of  the  ventral  valve 
is  preserved,  showing  that  it  is  not  high,  so  that  the  speci- 
mens do  not  belong  to  Cyrtia  alia  Hall  or  to  Syringo- 
thyris,  while  the  sinus  and  fold  both  show  very  distinct 
plications,  some  12  or  more  in  number.  Specimens  on 
which  the  shell  is  well  preserved  show  fine  concentric 
strise,  as  given  by  Hall  in  his  description  of  the  species, 
while  one  of  the  best  preserved  exteriors  shows  small  and 
rather  numerous  pustules.  The  form  so  identified  and 
figured  by  Herrick  (Geol.  Surv.  Ohio,  Vol.  VII,  pi.  23,  fig. 
11)  can  be  duplicated  from  the  specimens  collected  at  this 
locality.  Specimens  from  Chippewa  Creek  and  other 
Chagrin  localities  in  Ohio,  were  compared  with  authentic 
specimens  of  this  species  in  the  large  Devonian  collections 
at  Cornell  University.  It  was  noted  that  the  hinge  area 
is  not  so  high  as  in  part  of  the  New  York  specimens;  but 
is  fully  as  high  as  on  specimens  of  this  species  from  France. 
Specimens  from  Chautauqua  Creek,  below  Summerdale, 
Chautauqua  Co.,  N.  Y.,  the  southwestern  county  of  New 
York  state,  which  are  identified  as  S.  disjunctus  by  Pro- 
fessor Williams,  do  not  have  much  higher  hinge  area  on 
the  ventral  valve  than  the  Ohio  ones,  and  many  of 
them  are  rather  narrow,  like  those  from  Ohio.  The 
Summerdale  specimens  have  from  8 — 12  plications  on  fold 
and  sinus  which  have  about  the  same  strength  as  those 
on  the  specimens  from  Ohio.  The  Chippewa  specimens 
are  similar  to,  though  narrower  than,  others  from 
Meadville,  Pa.,  labeled  Sp.  disjunctus  by  Dr.  Kindle, 
which  identification  is  accepted  by  Professor  Williams. 
Chippewa  Creek  specimens  were  shown  to  Professor  Wil- 
liams, who  accepted  their  identification  as  S.  disjunc- 
tus. He  stated  that  the  narrow,  non-mucronate  form  is 
characteristic  of  the  western  specimens;  which  is  the 
character  of  the  abundant  ones  on  Chautauqua  Creek 
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in  southwestern  New  York.  Professor  Williams  also 
said  that  the  pustules  indicate  the  rather  later  forms  of 
this  species;  although  he  considers  them  of  generic, 
rather  than  specific  value,  and  says  that  they  may  be 
expected  on  any  species  that  is  well  enough  preserved. 

In  the  New  York  State  Museum,  the  slab  containing 
the  original  of  fig.  19,  pi.  42  (Vol.  IV,  Pal.,  N.  Y.),  which 
is  from  Meadville,  Pa.,  was  studied,  and  associated  with 
that  specimen  is  a  number  of  other  impressions  of  this 
species  which  are  not  mucronate;  but  similar  to  the  more 
usual  forms.  There  is  no  question  but  that  specimens 
from  Chippewa  and  Brandywine  creeks,  Cherry  Town- 
ship and  other  localities  in  Ohio,  which  were  compared 
with  authentic  specimens  of  Spirifer  disjunctus,  belong 
to  that  species. 

2.     Dalmanella  tioga  (Hall)  Wms (a) 

Specimens  from  the  Erie  shale  at  Le  Roy,  Lake  Co.,  Ohio, 
were  identified  as  this  species  by  Whitfield,  who  stated 
that  "The  specimens  are  somewhat  smaller  than  the 
general  run  of  the  New  York  Chemung  specimens,  but 
otherwise  cannot  be  distinguished  from  them"  (Geol. 
Surv.  Ohio,  Vol.  VII,  p.  453).  The  Chippewa  specimens 
have  the  characters  which  Whitfield  gave  as  character- 
izing those  from  Le  Roy,  and  they  agree  closely  with  his 
figure  of  them  (pi.  8,  fig.  3).  Comparison  of  Ohio  speci- 
mens, with  figures  of  the  New  York  species  showed  that 
the  length  of  those  from  Ohio  is  a  little  greater  in  propor- 
tion to  the  width  than  that  of  those  from  New  York. 

Specimens  from  Chippewa  Creek  agree  perfectly  with 
specimens  from  Hornellsville,  New  York,  identified  and 
published  by  Professor  Williams  as  this  species,  on  p.  80, 
Bull.  41,  U.  S.  Geol.  Survey.  The  Ohio  specimens  are 
probably  smaller  than  the  majority  of  the  New  York 
ones;  but  the  former  are  larger  than  part  of  the  Hornells- 
ville ones.  The  radiating  lines  (striae)1  bifurcate 
and  curve  upward  on  the  hinge  line  in  the  same  way  in  the 
specimens  from  both  states.  The  smaller  size  may  be 
characteristic  of  the  western  forms  of  the  species.  It  was 
noted,  however,  that  the  Ohio  specimens  are  twice  the 
size  of  those  identified  and  published  as  this  species  by 
Professor  Williams,  from  the  Shean  excavation  above 
Caneadea,  N.  Y.  (Bull.  41,  p.  76,  list  481  A). 

Dalmanella  leonensis  (Hall)  Hall  and  Clarke,  with 
which  Ohio  specimens  might  possibly  be  compared,  is  a 
much  smaller  species,  with  finer  lines  (striae)  as  shown 
by  comparison  with  specimens  from  South  Cuba,  N.  Y., 
which  were  identified  and  published  as  this  species  by 
Professor  Williams  (U.  S.  Geol.  Survey,  Bull.  41,  p.  67, 
list  477  E6). 

In  the  New  York  State  Museum,  the  original  of  fig. 


Professor  Williams  has  proposed  to  use  the  term  lines  for  ele- 
vated linear  markings  and  restrict  the  use  of  striae  to  narrow 
grooves  depressed  below  the  surface  (Proc.  U.  S.  Nat.  Mus.,  Vol. 
34,  April,  1908,  p.  47). 
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23,  pi.  8,  Vol.  IV,  Pal.  N.  Y.,  which  is  a  dorsal  valve,  was 
examined,  and  the  Chippewa  Creek  specimens  agree 
with  it  almost  exactly  in  size,  outline,  depth  and  size  of 
sinus,  and  strength  of  radiating  lines  (striae).  There 
seems  to  be  no  question  concerning  the  correctness  of 
the  identification  of  the  Ohio  specimens  with  this  Che- 
mung  species. 

Since  the  above  comparisons  and  notes  were  made, 
Professor  Williams'  revision  of  "The  Dalmanellas  of  the 
Chemung  Formation"  has  been  published.  When  the 
writer  was  comparing  the  Ohio  specimens  with  those  of 
the  U.  S.  Geological  Survey  and  Cornell  Museum  at  Cor- 
nell in  December,  1906,  Professor  Williams  made  no  men- 
tion of  this  work  or  the  changes  in  specific  reference  that 
appear  in  it.  In  this  article  the  old  species  Orthis  tioga 
Hall  is  divided  and  figures  20,  22,  29  and  24  of  Hall's  illus- 
trations on  pi.  8,  Vol.  IV,  Pal.  N.  Y.,  are  referred  to  Dal- 
manella  tioga  Hall,  sensu  stricto,  while  figures  21,  26,  27, 
and  28  of  Hall  are  referred  to  D.  elmira,  which  is  a  new 
species  described  by  Professor  Williams.1  The  differ- 
ence between  these  two  forms,  or  species  as  Professor 
Williams  considers  them,  appears  to  be  largely  in  the  pro- 
portion of  length  to  width.  Hall  described  0.  tioga  as 
"about  two-thirds  as  long  as  wide"  which  is  accepted  for 
D.  tioga,  sensu  stricto,  by  Professor  Williams,  while  he 
states  that  the  other  form  or  species,  D.  elmira,  differs 
from  the  former  "by  its  subquadrate  form;  the  length  is 
from  four-fifths  to  five-sixths  the  width."  The  dimen- 
sions of  certain  specimens  of  D.  tioga  are  given  by  Pro- 
fessor Williams;  certain  figures  of  D.  elmira  were  measured 
as  well  as  some  of  the  specimens  from  Chippewa  Creek 
and  the  results  are  shown  in  the  table  below: 

D.  tioga  D.  elmira  Chippewa  Creek 

Specimens 
Length.  Width.  Length.  Width.  Length.  Width. 

fig.6 

14.9mm.       22     mm.           17.7mm.       22     mm.  17.2mm.  22     mm. 

fig.  13  17 +mm.  21.4mm. 

16     mm.       25.5  mm.           16.7  mm.       21.4  mm.  16     mm.  19     mm. 

fig.  U 

14.3  mm.       21.3  mm.           14.3  mm.       19.4  mm.  14.3  mm.  17     mm. 

A  comparison  of  the  above  figures  will  readily  show 
that  in  the  Chippewa  Creek  specimens  the  length  is  about 
four-fifths  or  five-sixths  of  the  width  and  that  the  dimen- 
sions agree  more  closely  with  those  of  D  elmira  than  D. 
tioga.  It  is  believed  that  these  Ohio  specimens  agree 
better  with  the  subquadrate  form  (D.  elmira)  than  with 
the  more  elliptical  one  which  is  the  D.  tioga  as  restricted 
by  Williams.  He  states  that  D.  elmira  occurs  in  the 
lower  part  of  the  Chemung  associated  with  D.  tioga,  but 
in  the  middle  and  upper  part  of  the  Cayuta  member  D. 


'Ibid.,  pp.  55,  56, 
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elmira  becomes  the  prevailing  species.  The  Chemung 
formation  of  southern-central  New  York  is  divided  by 
Professor  Williams  in  ascending  order  into  the  Cayuta 
shale  member  and  the  Wellsburg  sandstone  member.  It 
appears  to  the  writer  that  the  differences  between  these 
two  forms  are  too  slight  to  be  considered  of  specific  rank 
and  since  their  acceptance  by  other  paleontologists  has  not 
been  noted,  he  is  inclined  to  list  the  Ohio  specimens  under 
the  name  D.  tioga.  Perhaps  the  difference  between  these 
two  forms  is  great  enough  so  that  it  might  be  better  to 
call  the  Ohio  specimens  D.  tioga  (Hall)  var.  elmira  Wms. 
Professor  Williams  states  that  fig.  23,  pi.  8,  Vol.  IV, 
Pal.  N.  Y.,  which  is  the  representation  of  the  type  speci- 
mens studied  by  the  writer  in  the  New  York  State  Mu- 
seum, is  typical  of  Hall's  original  description  of  Orthis 
tioga.  Professor  Williams  refers  this  figure  to  what  he 
calls  "form  delta; "*  but  it  is  not  clear  to  what  species  it 
is  referred  since  it  is  not  cited  under  either  D.  tioga  or 
D.  elmira  or  apparently  any  of  the  other  species.  The 
figure,  however,  has  a  length  of  17.1  mm.  and  a  width  of 
13.3  mm.  so  that  the  length  is  almost  four  fifths  of  the 
width  and  on  that  basis  it  agrees  with  the  description 
of  D.  elmira.  This  conclusion  is  also  in  harmony  with 
the  reference  of  the  Ohio  specimens  after  a  study  of  Wil- 
liams' paper  since  it  is  concluded  that  they  agree  with  the 
form  of  the  original  Orthis  tioga  which  he  calls  Z).  elmira, 
while  the  comparison  of  specimens  in  the  State  Museum 
showed  that  some  of  the  Ohio  ones  were  almost  the  exact 
counterpart  of  the  original  of  fig.  23,  pi.  8,  Vol.  IV. 

3.     Camarotoechia  contracta  Hall (c) 

Some  specimens  agree  closely  with  descriptions  of  the  New 
York  specimens  of  this  species.  The  number  of  plica- 
cations  on  each  valve,  16-20,  is  the  same,  of  which  the 
dorsal  valve  has  4  median  ones,  which  start  as  two  near 
the  beak,  and  the  middle  two  are  the  stronger,  while  the 
ventral  valve  has  3  or  4  in  the  sinus.  The  specimens  of 
C.  contracta,  in  the  Cornell  University  Museum,  as  well 
as  others  from  near  Olean,  N.  Y.,  identified  and  published 
as  this  species  by  Professor  Williams  (Bull.  41,  p.  96), 
are  less  rotund  than  the  Ohio  forms.  Perhaps  specimens 
from  Chippewa  Creek  more  nearly  approach  those 
at  Cornell,  labeled  C.  contracta,  than  do  any  of  the  other 
Ohio  ones;  but  there  is  in  general  a  more  elongated  out- 
line to  the  New  York  specimens  in  that  collection. 

At  the  New  York  State  Museum,  the  original  of  figs. 
34  and  35,  pi.  55,  Vol.  IV,  Pal.  N.  Y.,  from  Horse  Corners, 
Cattaraugus  Co.,  N.  Y.,  was  studied,  which  has  4  plica- 
tions on  the  fold,  3  in  the  sinus  and  7  on  each  lateral  mar- 
gin. Specimens  from  Chippewa  Creek  have  4  rather 
angular  plications  on  the  fold,  3  or  4  in  the  sinus,  and 
usually  6  or  7  on  each  lateral  margin,  and  occasionally  8. 
The  original  of  fig.  27,  pi.  55,  from  Bradford,  Pa.,  is  a 
dorsal  valve}  with  4  angular  plications  on  the  fold  and  4 


'Ibid.,  p.  54. 
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on  each  margin.  There  are  other  specimens  on  the  same 
block,  which  have  3  plications  on  the  fold,  and  in  the 
sinus  they  vary  in  number  from  2-4,  but  the  majority 
have  3. 

The  Ohio  specimens  from  the  shales  resemble  more 
closely  C.  contracla  Hall  than  C.  orbicularis  Hall, 
although  the  larger  ones  from  the  calcareous  layers  ap- 
proach the  smaller  ones  of  C.  orbicularis.  It  is  to  be 
remembered,  however,  that  Professor  Hall  wrote  that 
C.  orbicularis  "presents  many  of  the  characters  of  the 
larger  and  more  robust  forms  of  R.  contracta"  (Pal.  N. 
Y.,  Vol.  IV,  p.  352).  It  is  to  be  noted  that  the  plications 
on  the  fold  of  the  Ohio  specimens  divide  in  the  same  way 
as  those  of  the  typical  New  York  ones  of  C.  con- 
tracta, leaving  the  central  two  the  stronger.  Those  from 
Ohio  are  perhaps  a  little  more  orbicular  in  outline  than 
New  York  specimens  of  C.  contracta',  but  not  much  more 
so  than  the  ones  of  this  species  from  Bradford,  Pa.  It 
appears  clear  to  the  writer,  that  these  flat  and  medium 
sized  Ohio  specimens  from  the  Chagrin  shales  may  be 
referred  to  C.  contracta. 

4.     Camarotoechia  cf.  horsfordi  Hall (c) 

Small  specimens,  which  are  badly  crushed;  but  have  fine  pli- 
cations like  those  of  authentic  specimens  of  C.  horsfordi, 
in  the  American  Museum,  from  the  Hamilton  formation 
at  Pavilion,  N.  Y.  The  Ohio  and  New  York  specimens 
have  6  or  7  angular  plications  on  the  fold  or  sinus,  with 
7  or  more  on  each  side.  This  species  is  generally  re- 
garded as  confined  to  the  Marcellus  and  Hamilton  forma- 
tions; but  Professor  Williams  listed  specimens  from  the 
Chemung,  near  Caneadea,  N.  Y.,  as  "like  R.  horsfordi, 
broad"  (Bull.  41,  p.  76).  These  forms  were  at  first  com- 
pared with  C.  stephani  Hall  and  C.  eximia  Hall;  but  after 
specimens  of  these  two  species  from  the  Ithaca  formation 
were  studied  in  the  Cornell  Museum,  it  was  decided,  that 
although  the  Ohio  specimens  resemble  them  in  a  good  many 
characters,  still  there  was  hesitation  in  referring  them 
to  either  species.  The  Ohio  forms,  with  the  coarser 
plications,  in  general,  are  hardly  so  angular  (narrow  and 
pointed)  as  typical  ones  of  C.  stephani,  and  yet,  on  the 
cards  of  this  species  in  the  Cornell  Museum,  are  numer- 
ous specimens  of  the  smaller  forms,  which  are  apparently 
as  rotund  as  C.  eximia. 

In  the  New  York  State  Museum,  the  original  of  figs. 
11  and  12,  pi.  55,  Pal.  N.  Y.,  from  Bedford,  Pa.,  was 
examined;  it  has  7  plications  on  the  fold  and  9  on 
each  lateral  margin.  The  original  of  figs.  13-15,  from 
the  same  locality,  also  in  this  Museum,  has  6  plications 
on  the  dorsal  fold,  with  7  on  the  right  lateral  margin, 
and  10  on  the  left.  Both  specimens  are  dorsal  valves. 
These  are  apparently  more  gibbous  than  the  Ithaca 
ones,  and  there  are  none  of  the  Ohio  specimens  as  gib- 
bous, with  as  conspicuous  dorsal  fold  as  these  two  from 
Pennsylvania. 
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5.  Camarotcechia  cf.  orbicularis  Hall ----     (rr) 

6.  Athyris  polita  Hall (c) 

In  size  and  general  characters,  these  specimens  agree  fairly 
well  with  the  description  of  this  species.  The  fine,  close, 
concentric  lines  are  well  shown  on  specimens  preserving 
the  shell  and  some  show  faint  radiating  lines  (striae) 
as  called  for  in  the  specific  description. 

In  the  New  York  State  Museum,  internal  impres- 
sions of  the  ventral  valve  of  this  species  from  Randolph, 
Cattaraugus  Co.,  N.  Y.,  which  are  on  the  same  block  as 
the  dorsal  valve,  represented  by  fig.  3.1,  pi.  47,  Vol.  IV, 
Pal.  N.  Y.,  very  closely  resemble  internal  impressions 
from  the  calcareous  layer  in  Chippewa  Creek.  There 
are  heavy  concentric  furrows  toward  the  ventral  margin 
of  the  Ohio  specimens  which  do  not  occur  on  those  from 
Randolph;  but  the  impression  of  a  ventral  valve  of  another 
New  York  type  (fig.  33,  pi.  47)  shows  them  as  strong- 
ly as  any  of  the  Ohio  specimens.  (They  are  stronger 
on  the  New  York  specimen  than  the  figure  indicates.) 
Specimens  were  shown  Dr.  Rudolf  Ruedemann,  who 
considered  those  from  the  hard,  calcareous  layer  as  be- 
longing to  this  species;  but  was  not  so  certain  concerning 
the  crushed  ones  from  the  shale  until  informed  that 
they  were  from  the  same  locality. 

A.  angelica  Hall  is  another  Chemung  species  of  New 
York;  but  the  specimens  at  Cornell  University  from 
southwest  of  Olean,  N.  Y.,  identified  and  published  by 
Professor  Williams  as  this  species  (Bull.  41,  pi.  96) 
are  mostly  rather  small,  the  larger  ones,  however,  are 
broader  in  proportion  to  length  than  the  Ohio  specimens, 
which  is  in  harmony  with  the  figures  of  the  New  York 
types.  Dr.  Ruedemann  considers  that  the  normal  form 
of  A.  angelica  is  broader  than  A.  polita  or  the  Ohio  speci- 
mens which  are  here  referred  to  the  latter  species.  Spec- 
imens of  this  species  (No.  33,638)  labeled  Seminula  po- 
lita (Hall)  are  in  the  National  Museum  in  Washington, 
from  the  rocks  at  Union  City,  Pa.,  which  are  referred 
to  the  Chemung  formation. 

7.  Productella  hirsuta  Hall (rr) 

The  specimen  was  compared  with  types  in  the  American 
Museum,  with  which  it  closely  agrees. 

8.  Liorhynchus  sp _" (rr) 

Imperfectly  preserved;  but  probably  belongs  to  L.  mesacos- 
tale  Hall. 

9.  Lingula  cf.  complanata  Wms. (rr) 

Specimen  broken  about  the  beak. 

10.     Cyrtia  alta  Hall (r) 

The  specimens  collected  by  the  writer  from  the  soft  shales 
were  badly  crushed  and  broken,  although  the  high  hinge 
area  and  some  other  characters  showed  apparently  the 
correctness  of  this  identification. 

In  the  collections  of  Adelbert  College,  Cleveland, 
are  well  preserved  specimens  of  this  species  from  this 
locality,  so  that  there  can  be  no  question  as  to  its  pres- 
ence in  the  upper  Chagrin  of  Chippewa  Creek. 
9— G.  B.  15. 
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11.     Grammysia  cf  .  subarcuata  Hall  ___________________________  ,___     (rr) 

Imperfect  specimen. 

At  a  later  time  Mr.  Clyde  R.  Miller  collected  the  following  species 
at  the  locality  where  the  former  collections  were  made: 

1.  Spirifer  disjunctus  Sowb.  ______________________________________  (c) 

2.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wins  ________________  (a) 

3.  Liorhynchus  mesicostale  Hall  _________________________________  (r) 

4.  Camarotcechia  orbicularis  Hall  ________________________________  (r) 

A  little  farther  up  stream  than  where  former  collections  were 
made,  and  a  little  higher  stratigraphically,  the  following  species  were 
collected  : 

1.  Spirifer  disjunctus  Sowb  ---------------------------------------     (a) 

2.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms.  _______________     (a) 

3.  Camarot  cecliia  contracta  Hall  _____________________________  ____     (c) 

4.  Camarotcechia  orbicularis  Hall  _______________________________     (a) 

The  majority  of  the  specimens  approach  this  species  and  it  is 
thought  they  are  nearer  it  than  any  other.  Part  of  them 
are  not  so  broad  as  the  typical  figures  of  this  species  and 
in  some  characters  they  approach  C.  contracta  H.  In 
fact  there  are  specimens  that  appear  to  be  more  or  less 
intermediate  between  these  two  species  and  that  it  is 
difficult  to  refer  to  either  one. 

5.  Cyrtia  alta  Hall  ______________________________________________     (rr) 

6.  Athyris  polita  Hall  ____________  :  ______________________________     (c) 

7.  Liorhynchus  mesicostale  Hall  _________________________________     (c) 

It  is  possible  that  these  specimens  are  crushed  ones  of  L.  glob- 
uliforme  (Van.)  Hall  var.  chagrinanum  which  have  been 
flattened  in  the  shale. 

8.  Liorhynchus  globuliforme  (Van.)  Hall  var.  chagrinanum  n.  var.     (rr) 

9.  Productella  lachrymosa  (Con.)  Hall  _______________  ,  ___________     (r) 

10.  Amboccelia  umbonata  (Con.)  Hall  var.  gregaria  Hall  ___________     (rr) 

11.  Lingulasp  -----------------------------------------------------     (rr) 

12.  Sphenotus  clavulus  Hall  (?)  ___________________________________     (r) 

13.  Grammysia  communis  Hall  (?)  ________________________________     (r) 

14.  Goniatites  sp.  or  possibly  Euomphalus  sp.  ______________________     (rr) 

In  the  above  fauna  specimens  of  Spirifer  disjunctus,  Dalmanella 
tioga,  Athyris  polita  and  Camarotcechia  contracta  occur  the  most  fre- 
quently, so  that  the  first  two  species  are  listed  as  abundant  and  the  last 
two  as  common.  Consequently  it  appears  to  the  writer  that  the  geo- 
logic occurrence  of  these  species  in  the  standard  Devonian  section  of 
New  York  is  of  decided  importance  in  determining  the  age  of  the  uppei 
portion  of  the  Chagrin  formation. 

Spirifer  disjunctus  is  listed  by  Schuchert  as  only  Chemungi  and  it 
is  given  as  one  of  the  diagnostic  Chemung  species  by  H.  S.  Williams.  » 


l.  U.  S.  Geol.  Survey,  No.  87,  1897,  p.  387. 
2Ibid.,  No.  210,  1903,  pp.  83-88,  and  No.  244,  1905,  p.  57. 
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This  species  has  generally  been  considered  a  very  characteristic  one  of 
the  Chemung  in  America  and  also  of  the  upper  Devonian  in  Europe 
and  other  portions  of  the  world,  where  it  is  frequently  reported  under 
the  name  of  S.  verneuili  Murch.  It  is  true,  however,  that  it  has  been 
identified  by  Dr.  John  M.  Clarke  and  Mr.  Charles  Butts  in  rocks  of 
the  Olean  quadrangle  in  southwestern  New  York  which  they  consider 
as  of  Subcarbonic  [Mississippian]  age.* 

Dalmanella  tioga  is  listed  as  one  of  the  diagnostic  Chemung  species 
by  Professor  Williams  who  states  "that  this  species  does  not  occur  in 
the  New  York  sections  until  the  Chemung  fauna  enters  that  province, 
thus  marking  the  transition  between  the  Nunda  (Portage)  formation 
and  the  Chemung.  This  conclusion,  which  is  founded  on  evidence 
furnished  by  numerous  sections  exhibiting  continuous  strata  across 
the  transition,  causes  the  Erie  shale  of  Leroy,  Ohio,  to  be  assigned  to 
a  horizon  as  high  as  the  Chemung  of  New  York,  rather  than  in  the 
Nunda  (Portage).  No  trace  of  this  species  has  been  reported,  so  far 
as  the  writer  is  aware,  from  the  Ithaca  member  or  any  equivalent  hori- 
zon. Hence  the  species  may  be  regarded  as  diagnostic  of  the  Chemung 
formation,  and  not  of  the  Nunda  (Portage)."*  The  argument  con- 
cerning the  age  of  the  rocks  containing  these  specimens  will  not  be 
changed  if  part  or  all  of  them  are  referred  to  one  or  more  of  the  other 
species  of  Upper  Devonian  Dalmanellas  according  to  the  revision  by 
Professor  Williams  since  they  are  all  confined  to  the  Chemung  formation. 

Athyris  polita  is  listed  by  Professor  Schuchert  as  only  Chemung,' 
but  Mr.  Butts  has  recorded  it  from  the  Oswayo  formation,  which  is 
considered  Mississippian  in  age,  of  the  Olean  quadrangle  in  southwest- 
ern New  York.4 

Camarotoechia  contracta  ranges  from  the  Portage  to  the  Waverly 
according  to  Professor  Schuchert.5  This  statement  is  apparently  cor- 
rect since  both  Hall  and  Williams  reported  it  from  the  Ithaca  member 
of  the  Portage  formation  at  Ithaca,  N.  Y.,  while  Hall  identified  as  this 
species  specimens  from  the  Waverly  of  Licking  County,  Ohio;  Butts  from 
the  Cattaraugus  formation  of  the  Olean  quadrangle  in  southwestern 
New  York6  which  he  called  "Devono-Carbonic,"  Professor  Glenn  De- 
vonian, and  Dr.  Clarke  was  disposed  to  put  in  the  Paleocarbonic  [Mis- 
sissippian];7 and  Kindle  has  reported  it  from  the  Waverly  of  south- 
western Virginia.5  It  is,  however,  true  that  this  species  occurs  most 
abundantly  and  frequently  in  the  Chemung  and  it  is  comparatively 

*N.  Y.  State  Mus.  Bull.  52,  1902,  p.  526,  and  ibid.,  Bull.  69,  1903,  p.  999  for  Dr 
Clarke  and  pp.  994,  995  of  the  latter  for  Mr.  Butts. 
2Bull  U.  S.  Geol.  Survey,  No.  244,  1905,  p.  58. 
3Ibid.,  No.  87,  p.  149. 
4N.  Y.  State  Mus.  Bull.  69,  1903,  p.  995. 
5Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  165. 
6N.  Y.  State  Mus.,  Bull.  69,  pp.  993,  994. 

7Ibid.,  pp.  968,  997,  999,  and  legend  of  stratigraphic  map  of  Olean  quadrangle. 
8Bull.  U.  S.  Geol.  Survey,  No.  244,  p.  31. 
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rare  in  these  earlier  and  later  formations;  so  in  reality  it  is  a  Chemung 
species. 

Productella  hirsuta  also  occurs  infrequently  in  the  Chagrin  shales 
of  Chippewa  Creek,  which  is  listed  by  Professor  Schuchert  as  only  in 
the  Chemung,1  and  is  given  by  Professor  Williams  as  one  of  the  diagnostic 
Chemung  species.  2 

Professor  Williams  published  a  list  of  12  dominant  Chemung  species 
of  Chautauqua  County,  the  southwestern  one  of  New  York,  based 
upon  the  work  of  Prof.  G.  D.  Harris,  in  which  the  two  most  abundant 
species  are  Camarotoechia  contracta  and  Spirifer  disjunctus,  while  another 
one  is  Athyris  polita.*  In  a  similar  list  for  the  Genesee  section  Spirifer 
disjunctus  and  Camarotoechia  contracta  are  the  most  abundant  species, 
while  Productella  hirsuta  is  another  one.4  In  addition  it  contains  Athyris 
angelica,  which  is  closely  related  to  A.  polita,  and  Dalmanella  leonensis, 
which  resembles  somewhat  the  young  forms  of  D.  tioga. 

The  fact  that  of  the  four  most  abundant  species  in  Chippewa  Creek 
Dalmanella  tioga  is  only  known  in  the  Chemung,  while  Spirifer  dis- 
junctus and  Athyris  polita  are  characteristic  Chemung  species  although 
they  do  continue  up  into  the  Mississippian,  which  is  also  true  of 
Camarotoschia  contracta,  although  it  does  occur  in  the  Portage  and  Waver- 
ly;  appears  to  the  writer  to  support  the  correlation  of  these  beds  with 
the  New  York  Chemung.  This  opinion  is  also  supported  by  the  additional 
fact  that  two  of  them,  Spirifer  disjunctus  and  Camarotoechia  contracta, 
are  the  two  leading  species  in  Professor  Williams'  lists  of  dominant 
species  for  western  New  York.  It  is  believed  that  this  opinion  is 
supported  by  additional  lists  of  fossils  from  a  similar  stratigraphic 
position  eastward  to  Pennsylvania.  This  evidence  all  appears  to  favor 
the  correlation  of  at  least  these  upper  beds  of  the  Chagrin  formation 
with  the  Chemung  formation  of  New  York  and  the  Devonian  system. 

This  conclusion  is  in  harmony  with  the  early  views  of  Dr.  Newberry 
who  correlated  the  upper  portion  of  his  Erie  shale  with  the  Chemung 
of  New  York  and  put  it  in  the  Devonian  system,  although  in  later  years 
he  considered  the  Chemung  as  forming  the  basal  part  of  the  Lower 
Carboniferous.  Dr.  Newberry  in  1873  under  his  description  of  the  De- 
vonian system  of  Ohio,  wrote  as  follows  concerning  the  age  of  the  Erie 
(Chagrin)  shale: 

"As  a  general  rule  the  Erie  shales  are  remarkably  destitute  of  fossils, 
and  from  this  cause  their  exact  geological  age  was  for  a  long  time  mis- 
understood, and  has  been  accurately  determined  only  recently  and  with 
much  study.  From  their  lithological  resemblance  to  the  shales  of  the 
Portage  group  in  New  York,  and  from  their  apparent  continuity  with 


.,  No.  87,  p.  315. 

2Ibid.,  No.  210,  1903,  p.  87  for  the  Genesee  section  of  western  New  York  and  No. 
244,  1905,  p.  57,  for  the  southern  extension  of  the  Chemung  fauna  in  the  Virginias. 
3Ibid.,  No.  210,  p.  86. 
4Ibid.,  p.  87. 


A. — Cliff  on  Tinkers  Creek  near  Bedford  showing  contact  of  Cleveland   and 
Chagrin  shales.     See  page  85. 


B — The  Berea  grit  in  quarry  No.  16  at  Peninsula.     See  page  152. 
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these,  the  Erie  shales  have  been  generally  considered  as  their  equivalent, 
while  the  overlying  Cuyahoga  shale,  and  other  beds  which  form  the 
northern  extension  of  the  Waverly  group,  have  been  regarded  as  the 
western  prolongation  of  the  Chemung  rocks  of  New  York.  It  was 
our  good  fortune,  however,  during  our  first  season  of  field  Avork,  to  ob- 
tain from  several  localities  in  the  Erie  shales  fossils  which  prove  beyond 
question  that  the  upper  portion  of  these  shales  are  the  representatives 
of  the  Chemung;  and  while,  from  the  want  of  further  evidence  of  the 
age  of  the  lower  beds,  we  are  as  yet  unable  to  assert  positively  that  they 
are  continuous  with  the  upper  portion  of  the  Portage  group,  there  is 
scarcely  room  for  doubt  that  they  are  the  western  extension  of  the 
Portage  sandstones.  *  *  * 

"Collections  of  fossils,  which  include  great  numbers  of  individuals, 
but  not  many  genera  and  species,  were  made  by  the  members  of  our 
Corps  in  the  bottoms  of  the  gorges  formed  by  Tinker's  Creek  and  Chippe- 
way  [Chippewa]  Creek  —  tributaries  of  the  Cuyahoga  in  Cuyahoga 
County — in  the  valleys  of  the  Chagrin  near  Euclid,  of  Big  Creek  in 
Lake  County,  and  of  Conneaut  Creek  in  Ashtabula  County;  as  well 
as  in  the  beds  of  the  tributaries  of  Grand  River  in  the  northern  part  of 
Trumbull.  These  fossils  include,  with  some  new  forms,  the  following 
species  characteristic  of  the  Chemung  in  New  York:  Spirifer  dis- 
junctus,  S.  altus,  Leiorhynchus  mesacostalis,  Orthis  tioga,  etc.  The  evi- 
dence furnished  by  this  group  of  fossils  definitely  fixes  the  geological 
portion  of  at  least  the  upper  portion  of  the  Erie  shale,  and  dissipates 
the  obscurity  that  has  heretofore  hung  over  the  formation." i 

In  the  following  volume  Dr.  Newberry  stated  that  "In  the  sections 
opened  by  the  valleys  of  the  Cuyahoga  and  its  tributaries,  the  Cleve- 
land shale  is  underlain  by  a  few  feet  of  impure  limestone  and  argillaceous 
shale.  The  limestone  contains  Syringothyris  typa,  Macrodon  Hamil- 
tonice,  and  other  Waverly  fossils.  Beneath  these  strata  are  greenish 
shales,  containing  Leiorhynchus  mesacostalis,  Spirifera  disjuncta,  etc., 
Chemung  fossils,  characteristic  of  the  upper  layers  of  the  Erie  shale. 
Here,  then,  we  have  the  base  of  the  Lower  Carboniferous  series.  The 
first  of  the  Chemung  fossils  occur  about  sixty  feet  below  the  base  of 
the  Cleveland  shale.  "2  It  appears  probable  that  Dr.  Newberry  was 
mistaken  in  supposing  that  this  impure  limestone  with  the  Waverly 
fauna  was  subjacent  to  the  Cleveland  shale.  It  is  apparently  the 
calcareous  deposit  at  the  base  of  the  Bedford  containing  that  fauna. 
This  supposition  is  corroborated  by  the  much  later  statement  of  Dr. 
Newberry  that  the  occurrence  of  an  earthy  limestone  beneath  the  Cleve- 
land shale  in  the  valley  of  Tinkers  Creek,  near  Bedford,  Ohio,  was 
questioned  and  "efforts  made  to  rediscover  the  stratum  of  limestone 
reported  by  Mr.  Sherwood  [at  the  above  mentioned  locality]  were 
without  success. "3 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  164. 

2Ibid.,  Vol.  II,  pp.  94,  95. 

3Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  127. 
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Prof.  C.  L.  Herrick  gave  some  attention  to  the  Erie  shale  (Chagrin) 
and  reported  the  discovery  by  Dr.  Newberry  "that  the  Erie  shale  is  a 
real  equivalent  of  at  least  a  part  of  the  Chemung  or  Portage."*  Professor 
Herrick  also  stated  that  "The  following  species  have  been  collected  by 
us  from  the  Erie  shales:  Spirifer  altus,  S.  disjunctus,  S.  prcematurus, 
Leiorhynchus  mesacostalis,  Streptorhynchus  chemungensis,  Orthis  tioga, 
Terebratula  sp.,  Rhynchonella  sappho,  Leiopteria  sp.,  Orthoceras  bebryx, 
Productus  (like  lachrymosus')."* 

Professor  Williams  has  also  stated  that  the  Chemung  formation 
of  the  Genesee  Valley  section  is  stratigraphically  equivalent,  "in  part, 
to  the  Erie  shales  of  Ohio.  But  lithologically  the  Ohio  shales  are 
equivalent  to  the  Portage  formation  of  New  York."3  A  recent  corre- 
lation is  that  of  Mr.  Butts  in  the  Warren  folio  of  Pennsylvania  and  New 
York  who  states  that  "Westward,  in  Ohio,  the  presence  of  Ptychopteria 
in  the  Chagrin  ('Erie')  shale  indicates  the  equivalence  of  parts,  at 
least,  of  the  Chagrin  ('Erie')  and  Conewango  formations."4  Mr. 
Butts  puts  the  Conewango  formation  in  the  Devono-Carboniferous 
and  considers  the  Conewango  and  overlying  Knapp  formation  as  transi- 
tional from  the  Devonian  to  the  Mississippian. 

In  the  article  published  by  Dr.  Ulrich  while  this  bulletin  was  pass- 
ing through  the  press  he  says  that: 

"The  Chagrin  formation,  or,  as  Newberry  and  the  geologists  of 
his  Survey  call  it,  the  Erie  shale  is  not  included  in  the  Chattanoogan 
series.  In  my  opinion  it  is  clearly  late  Devonian  in  age  and  older  than 
the  Huron  member  of  the  Ohio  shale.  Furthermore,  on  the  basis  of 
stratigraphic  continuity  and  fossil  contents,  I  can  not  see  how  we  can 
avoid  correlating  the  upper  part  at  least  of  the  Chagrin  as  Chemung, 
hence,  according  to  the  now  prevailing  interpretation  of  the  New  York 
standard,  as  latest  Devonian."6 

Dr.  Newberry  cited  the  gorge  of  Chippeway  (Chippewa)  Creek  as 
one  of  the  localities  for  fossils  in  the  Erie  (Chagrin)  shale,8  and  Professor 
Gushing  reported  the  locality  more  definitely  to  the  writer. 

The  bank  at  this  locality,  which  is  on  the  southern  side  of  the  creek, 
is  the  best  one  for  the  upper  Chagrin  and  Cleveland  shales  that  occurs 
on  the  creek.  The  Chagrin  is  mostly  bluish-gray  argillaceous  shale 
with  an  occasional  layer  that  is  slightly  harder.  The  Chagrin  part  of 
the  cliff,  however,  20  feet  or  so  in  height,  is  a  smooth  shale  bank  free 
from  talus.  Near  the  base  of  the  cliff  and  in  the  bank  a  little  farther 
down  stream  some  of  the  thin  calcareous  and  rusty  colored  layers,  with 

lAm.  Geologist,  Vol.  Ill,  1889,  p.  95. 

2Loc.  cit.,  f.n.  At  an  earlier  date  he  stated  that  the  above  list,  with  the  ex- 
ception of  Orthis  tioga,  had  been  collected  "in  the  Cuyahoga  valley  near  Peninsula" 
(Bull.  Denison  Univ.,  Vol.  IV,  1888,  p.  110). 

3Bull.  U.  S.  Geol.  Survey,  No.  210,  1903,  p.  120. 

4Ibid.,  Warren  folio  (No.  172),  Geol.  Atlas  U.  S.,  1910,  p.  4.  col.  3. 

5Am.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIV.,  August,  1912,  p.  171. 

'Geol.  Surv.  Ohio,  Vol.  I,  pp.  164-190. 
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a  tendency  to  concretionary  structure,  contain  a  few  fossils.  They  are 
rare,  however,  in  these  layers  when  compared  with  the  soft  shales  in 
the  bed  of  the  creek  a  little  farther  up  stream  and  on  the  opposite  side 
where  most  of  the  specimens  have  been  collected;  but  specimens  of 
Camarotoechia,  Dalmanella  and  Spirifer  were  obtained. 

The  contact  between  the  Chagrin  and  Cleveland  shales  on  this 
cliff  is  a  very  sharp  one,  a  line  which  can  readily  be  seen  at  a  considerable 
distance  since  the  Cleveland  is  the  tougher  shale  and  projects  slightly 
beyond  the  Chagrin.  The  Cleveland  is  almost  uniformly  a  black, 
bituminous  tough  and  rather  slaty  shale  as  exposed  on  the  banks  of 
this  creek  with  a  thickness  of  25  feet  as  leveled  up  the  steep  bank  at 
the  lower  end  of  the  gorge  by  Mr.  Miller. 

At  the  lower  end  of  the  gorge  on  the  southern  bank  of  the  creek 
and  about  opposite  the  horizon  of  fossils  in  the  Chagrin  shale  on  the 
opposite  side  of  the  stream,  Mr.  Miller  leveled  the  following  section: 

Section  at  Lower  End  of  Gorge  on  Chippewa  Creek. 

Total 

Thick-  thick- 
No  ness.     ness. 

Feet.     Feet. 

4.  Bedford  formation,  Euclid  lentil.  Fairly  thick-bedded, 
blue,  fine-grained  sandstone,  with  an  estimated  exposed 
thickness  of  12  ±  feet 12±  71 

3.  Mainly  gray,  argillaceous  shale;  but  there  are  a  few  layers 
of  thin  sandstones,  with  a  fossiliferous  layer  at  the 
base 14±  59 

2.     Cleveland  shale.    A  uniformly  black  and  rather  slaty  shale.     25        45 

1.  Chagrin  formation,  with  a  very  fossiliferous  zone  some  20 

feet  below  its  top,  and  in  bed  of  stream 20  20 

Farther  up  the  stream  on  the  northern  bank,  opposite  the  highest 
outcrop  of  the  Chagrin  shale  in  the  bed  of  the  creek  the  entire  Cleve- 
land shale  is  again  shown  and  the  lower  portion  of  the  Bedford  forma- 
tion. Mr.  Miller  leveled  up  this  bank  and  obtained  25  feet  for  the  thick- 
ness of  the  Cleveland  shale.  Next  above  is  3  feet  7  inches  of  gray 
rather  gritty  shale  with  some  thin  layers  of  sandstone  which  is  the  low- 
est zone  of  the  Bedford  formation.  This  is  succeeded  by  the  Euclid 
sandstone  lentil  composed  of  fairly  thick-bedded,  fine-grained  blue  sand- 
stone with  shale  partings.  The  lower  portion  is  more  massive  and  the 
upper  thinner  bedded  with  more  shales.  A  layer  10  feet  above  the  base 
as  the  sandstones  are  exposed  near  the  creek  level  farther  up  the  stream, 
is  1J  feet  thick  and  the  thinner  layers  still  farther  up  the  stream  show 
conspicuous  ripple-marks.  The  thickness  of  this  zone  on  the  bank  of 
the  creek  is  estimated  as  15  feet  although  it  may,  perhaps,  be  somewhat 
greater  and  possibly  20  feet  thick.  The  Euclid  sandstone  is  succeeded 
by  a  zone  of  blue  gritty  shales  containing  thin  layers  of  blue  sandstone, 
one-half  inch  or  more  in  thickness.  This  zone  is  20  ±  feet  in  thickness, 
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as  near  as  can  be  determined  on  account  of  the  difficulty  in  accurately 
measuring  these  two  zones.  Great  blocks  of  Berea  sandstone  lie  in  the 
bed  and  on  the  banks  of  the  stream  in  the  glen  and  these  and  other  loose 
material  conceal  more  or  less  completely  the  greater  part  of  these  two 
zones.  The  top  of  the  shale  zone  is  shown  on  the  southern  bank  just 
above  where  the  stream  is  badly  choked  with  great  loose  blocks  of  Berea 
grit.  At  this  locality  3  feet  3  inches  of  bluish-gray  gritty  shales  to  thin 
sandstones  which  split  into  layers  one-half  inch  or  less  in  thickness,  are 
shown,  above  which  is  chocolate  colored,  soft  argillaceous  shale.  On 
the  southern  bank  of  the  creek  not  far  below  the  fall  and  highway  is  a 
marked  line  of  disconformity  between  the  Bedford  and  Berea  formations. 
At  this  locality  Mr.  Miller  leveled  from  the  base  of  the  chocolate  colored 
zone  up  to  the  base  of  the  Berea  sandstone  and  at  the  lowest  point  of 
the  sandstone  obtained  16J  feet  of  shale,  at  the  medium  part  of  the  base 
of  the  sandstone  27J  feet  of  shale  and  at  the  highest  part  of  the  sandstone 
at  least  32  feet  of  shale  and  perhaps  it  is  35  feet  thick.  This  bank  shows 
very  clearly  the  irregular  upper  surface  of  the  Bedford  shale  on  which 
the  Berea  sandstone  was  deposited.  A  little  farther  up  the  creek  is  the 
fall  over  the  lower  part  of  the  Berea  grit  below  which  is  shown  the  Bed- 
ford shale.  The  top  of  the  Bedford  at  this  locality  is  generally  a 
bluish-gray  soft,  argillaceous  shale,  which  at  one  point  on  the  southern 
bank  is  3  feet  2  inches  thick,  below  which  is  the  soft,  argillaceous  choco- 
late shale.  A  somewhat  general  section  of  the  Bedford  formation 
compiled  from  the  various  outcrops  in  this  glen  is  given  below: 

Section  of  the  Bedford  and  Cleveland  Formations  on  Chippewa  Creek. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

7.     Irregular  base  of  the  Berea  sandstone _. 

6.  Bedford  formation.  Bluish-gray,  soft,  argillaceous  shale, 

as  shown  on  the  bank  not  far  below  the  fall 3="=  109 

5.  Chocolate  colored,  soft  argillaceous  shale,  which  breaks 
up  into  narrow,  pencil-like  pieces.  Thickness  varies 
on  the  bank  from  16^  feet  to  some  32  feet,  due  to  the 
eroded  upper  surface  of  the  shale 32  =*=  106 

4.  Blue,  gritty  shales,  with  thin  layers  of  blue  sandstone, 

which  split  into  one-half  inch  and  thicker  layers 20=±=  74 

3.  Fairly  thick-bedded,  fine-grained,  blue  sandstone,  with 
shale  partings.  The  lower  layers  more  massive  and 
the  upper  part  containing  more  shale.  The  Euclid 
lentil 15±  54 

2.  Grayish  shale  with  a  fossiliferous  layer  at  the  base.  This 
zone,  near  the  lower  end  of  the  gorge,  apparently 
varies  in  thickness  from  3  feet  7  inches  on  the  northern 
bank,  to  about  14  feet  on  the  southern.  The  writer  is 
not  positive  concerning  this  difference  in  thickness;  but 
it  was  recorded  in  the  two  sections,  and  he  has  used 
the  greater  thickness  for  this  general  section 14  ±  39 

1.     Cleveland  shale.     Uniformly  black  and  rather  slaty  shale-     25        25 
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In  the  above  general  section  the  thickness  of  the  Bedford  formation 
amounts  to  81  feet;  but  if  the  lesser  thickness  of  the  lower  zone  and  the 
smallest  for  the  chocolate  zone  be  taken  then  it  will  be  26  feet  less  or 
only  55  feet.  A  single  reading  of  the  barometer  from  the  top  of  the  Bed- 
ford, as  shown  a  short  distance  below  the  fall,  to  its  base  gave  65  feet. 

Just  beneath  the  Berea  at  the  bridge,  3  feet  or  more  of  the  bluish 
shale  at  the  top  of  the  Bedford  is  shown  while  a  short  distance  down  the 
stream  the  chocolate  shale  appears  below  it.  The  contact  between  the 
Bedford  and  Berea  formations  is  finely  shown  just  below  the  highway 
bridge  and  for  a  short  distance  below  on  each  bank.  The  fall  is  re- 
ceding on  account  of  the  more  rapid  disintegration  of  the  subjacent  soft 
Bedford  shale  followed  by  the  breaking  off  along  the  joint  lines  of  the 
overhanging  blocks  of  Berea  grit. 

From  the  highway  bridge  one-fourth  mile  east  of  Brecksville  to 
the  old  dam  above  the  village  the  creek  has  cut  a  rather  narrow  gorge 
in  the  Berea  grit  which  for  most  of  the  distance  is  bordered  by  rather 
low  rock  cliffs.  The  lower  part  of  the  Berea  sandstone  is  massive  as 
seen  at  the  lower  bridge;  then  comes  a  zone  of  considerable  thickness 
which  is  strongly  cross-bedded,  some  of  which  is  very  oblique,  while  at 
the  top  are  a  few  horizontal  layers.  This  structure  is  similar  to  that  of 
the  Berea  as  described  in  several  other  localities  in  this  general  region, 
as  for  example  Pratt's  quarry,  northwest  of  South  Park,  and  on  Euclid 
Creek.  There  is  a  cascade  over  the  upper  part  of  the  Berea,  which  occurs 
a  little  above  the  old  mill  at  Brecksville,  and  in  this  cascade  are  a  couple 
of  large  pot  holes. 

The  top  of  the  formation  is  reached  in  the  bed  of  the  creek  below 
the  old  dam  a  little  above  Brecksville  and,  as  the  dip  is  down  stream,  it 
continues  up  the  creek  for  some  distance  above  the  dam.  The  upper 
surface  and  layer  is  greatly  iron-stained  and  pitted  from  the  decomposi- 
tion of  iron  pyrites  or  marcasite,  which  occurs  abundantly  in  nodular  or 
concretionary  masses  in  this  upper  layer  of  the  formation.  This  is  a 
lithologic  character  that  is  generally  observed  to  indicate  the  top  of 
the  formation.  Two  readings  of  the  barometer  gave  in  each  instance 
a  thickness  of  40  feet  for  the  Berea  grit  on  Chippewa  Creek,  which  is 
probably  not  far  from  its  actual  thickness.  Part  of  the  Sunbury  shale 
and  the  overlying  sandstone  zone  is  shown  on  the  southern  bank,  two 
or  three  rods  above  the  last  appearance  of  the  Berea  grit  in  the  bed  of 
the  creek. 

On  the  opposite  side  of  the  stream  a  little  above  the  last  mentioned 
bank  may  be  seen  the  Aurora  sandstone  capped  by  some  25  feet  of  soft 
Brecksville  shale.  The  top  of  the  nine-inch  sandstone  on  the  southern 
bank,  which  is  the  highest  rock  it  shows,  when  leveled  across  the  stream 
corresponds  with  the  top  of  the  sandstone  on  the  northern  bank  and  they 
are  considered  as  representing  the  same  horizon.  The  thickness  of 
the  sandstone  and  shale  zone  on  the  two  banks  is  approximately  the 
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same  and  at  this  locality  there  is  a  rather  strong  southeasterly  dip  down 
the  creek.  The  following  section  has  been  prepared  from  the  outcrops 
on  these  two  banks: 

Section  on  Banks  of  Chippewa  Creek  above  Brecksville. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

9.    Brecksville  shale.     Blackish  to  bluish-gray, 

fine,  soft,  argillaceous  shale.     Height  of 

bank  estimated  25="=     __  33          8 

8.     Top  of  Aurora  sandstone  and  shale  zone. 

Apparently  the  same  horizon  is  shown 

on  both  the  northern  and  southern  banks.     _  _ .         9  8          8 

7.     Blackish,  rather  thin,  laminated  shale,  with 

a  thin  sandstone  near  the  middle  for  part 

of   the    exposure.     This  layer  varies  in 

thickness  from  16  to  17  inches 1          4+          7        11 

6.     Thin  sandstone,  from  4  to  5  inches  thick __          4+          6          7 

5.     Arenaceous,  gray  shale   __          6  6          3 

4.     Bluish-gray  sandstone,  weathering  to  a  buff 

color,  from  6  to  9  inches  thick __          7  59 

3.     Coarse,  arenaceous  shale,  with  calcareous, 

rusty  layer  of  concretions  near  the  base.  _     __          6  52 

2.     Bluish-gray,  fine-grained  sandstone __         11  4          8 

1.    Sunbury  shale.     Black  or  blackish,  rather 

soft  shale,  alternating  with  bluish-gray, 

soft,   argillaceous  shale.     This  shale  as 

weathered  on  the  wet  bank  does  not  show 

the  tough,  slaty,  typical  Sunbury  shale 

of  central  Ohio;  but  it  probably  repre- 
sents that  terrane.     The  lower  part  of 

the  zone  is  not  exposed,   and  there  is 

probably  about  2  feet  more,  down  to  the 

top  of  the  Berea  grit  3          9  3          9 

In  the  above  section  the  zone  of  bluish-gray  fine-grained  sandstone 
alternating  with  shale,  Nos.  2  to  8  inclusive,  varying  from  4  feet  10 
inches  to  about  5  feet  10  inches,  is  the  one  which  in  northern  Ohio 
generally  overlies  the  Sunbury  shale.  This  zone  of  sandstone  and 
shale  on  the  upper  and  northern  bank  is  about  5  feet  10  inches  thick 
and  is  shown  in  Plate  XIII,  where  Mr.  Miller  is  standing  at  its  base 
and  marking  the  top  with  the  hammer,  while  above  is  some  25  feet  of 
Brecksville  shale.  Near  the  lower  end  of  this  bank  at  low  water  there 
is  shown  beneath  the  sandstone  zone  about  7J  inches  of  Sunbury  shale 
and  some  rods  farther  up  stream,  1  foot  2  inches. 

The  present  state  of  our  knowledge  concerning  the  sandstones  of 
northern  and  central  Ohio  does  not  permit  the  correlation  of  this  zone 
with  any  other  sandstone.  It  is  not  improbable  that  it  is  a  local  sand- 
stone zone  which  does  not  extend  to  the  central  part  of  the  state.  This 
opinion  is  supported  in  a  way  by  the  fact  that  it  does  not  occur  in  all 
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the  sections  in  the  Cleveland  region  and  that  in  part  of  the  territory 
east  of  the  Chagrin  River  a  sandstone  zone  occurs  at  a  higher  strati- 
graphic  position  where  this  one  is  wanting.  It  is  interesting,  perhaps, 
to  note  that  in  central  Ohio  directly  overlying  the  Sunbury  shale  is  a 
zone  of  soft  gray  argillaceous  shale  from  5  to  10  feet  thick,  which  is 
succeeded  by  a  sandstone  member  of  the  Cuyahoga  formation.  There 
is  a  possibility  that  the  shale  zone  disappears  and  this  sandstone  is  the 
thinned  northern  representative  of  the  one  in  central  Ohio.  Again, 
the  shale  may  thicken  to  the  north  and  correspond  to  the  Brecksville 
and  the  sandstone  member  to  the  Sharpsville,  except  that  those  sand- 
stones appear  to  thin  out  as  followed  to  the  southwest  of  Cleveland. 
It  is  more  probable  that  the  sandstone  zone  between  the  Sunbury  and 
Brecksville  shales  of  the  Cleveland  region  is  a  local  one;  but  on  account 
of  its  stratigraphic  importance  a  geographic  name  will  be  of  conven- 
ience in  referring  to  it.  There  are  other  localities  where  it  is  fully  as 
prominent  as  on  Chippewa  Creek,  as  for  example  above  Chagrin  Falls  on 
that  river;  but  that  name  like  Chippewa  has  already  been  used  for  a 
geological  formation.  This  member  of  the  Orangeville  formation  is 
well  shown  on  the  Aurora  Branch  of  the  Chagrin  River,  as  will  be  seen 
from  the  description  of  that  section  in  the  next  chapter,  and  it  has 
-been  named  the  Aurora  sandstone  from  that  locality. 

On  this  part  of  Chippewa  Creek  the  rocks  are  rising  as  it  is  fol- 
lowed up  stream;  consequently  although  the  Aurora  member  is  com- 
paratively thin  it  may  be  followed  for  some  distance  up  the  stream. 
The  top,  however,  passes  beneath  the  creek  level  a  few  rods  below 
the  iron  bridge  one-half  mile  northwest  of  Brecksville. 

Just  above  this  bridge  on  the  southern  side  of  the  creek  is  a  bank 
of  soft,  finely  laminated  blackish  to  bluish-gray  shale,  probably  25 
feet  high.  This  is  the  soft  shale  of  the  Orangeville  formation  and  at  the 
second  bank  on  the  same  side  of  the  creek,  75  feet  or  more  of  shale 
with  similar  lithologic  appearance  is  shown.  This  bank  begins  near 
where  a  southern  branch  enters  the  creek,  and  the  shale  is  finely  shown 
on  the  eastern  side  of  this  branch,  and  as  seen  from  the  valley,  it  looks 
like  a  bank  of  uniformly  soft  dark  colored  shale.  The  topographic 
map  indicates  that  the  cliff  at  this  junction  of  the  two  streams  is  120 
feet  or  more  in  height.  The  high  ground  above  this  cliff  probably 
contains  thin  sandstones  of  the  succeeding  terrane,  although  no  indi- 
cation of  it  was  visible  from  the  valley.  The  writer  would  say  that 
the  cliff  is  apparently  composed  of  the  soft  blackish  to  bluish-black 
shale  with  no  sandy  layers  of  any  prominence.  A  similar  bank  of 
the  fine  shale,  although  not  so  high,  occurs  on  the  northeastern  side 
of  Chippewa  Creek  at  this  locality  just  above  the  forks  of  the  high- 
way. These  banks  are  typical  illustrations  of  the  soft  shale  of  the 
Orangeville  formation,  and  this  is  an  excellent  locality  for  gaining  an 
idea  of  its  general  appearance.  It  forms  the  lower  part  of  Newberry's 
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Cuyahoga  formation  in  the  Cuyahoga  basin;  although  he  apparently 
did  not  fully  appreciate  the  lithologic  character  of  this  part  of  the 
formation  since  his  description,  apparently  for  the  entire  formation 
in  Cuyahoga  County,  gave  it  as  composed  "mainly  of  gray  argillaceous 
shale  with  thin  flags  of  fine  sandstone  scattered  through  it."1  In 
Summit  County  in  which  Newberry  stated  that  the  formation  is  bet- 
ter exhibited  than  in  any  other  part  of  the  State  he  reported  that  "the 
Cuyahoga  shale  exhibits  little  variety  in  composition,  and  consists 
of  a  mass  of  soft  argillaceous  material  interstratified  with  thin  and 
local  sheets  of  fine  grained  sandstone,  rarely  thick  enough  to  serve 
as  flagging."2  This  description  was  apparently  derived  mainly 
from  the  exposures  which  succeed  the  Orangeville  formation,  and  to 
which  it  applies  much  better  than  to  the  lower  125  feet  or  more  of  the 
Cuyahoga.  Dr.  Newberry  speaks  especially  of  his  studying  the  up- 
per portion  of  the  terrane  in  the  river  valley  below  Cuyahoga  Falls, 
and  it  is. thought  that  his  opinion  regarding  its  lithologic  composition 
was  derived  pretty  largely  from  its  upper  portion  as  shown  in  that  region. 

The  soft  shale  of  the  Orangeville  formation  continues  up  Chippewa 
Creek  for  1J  miles  or  farther,  above  the  highway  forks  mentioned 
above.  Lithologically  the  shale  remains  like  the  lower  part  until 
well  toward  the  top.  Within  30  feet  of  the  top  the  shales  are  soft  and 
black  to  bluish-black  in  color;  but  the  upper  12  feet  consists  of  fine, 
rather  sandy  bluish  shale  in  which  are  two  thin  layers  of  sandstone. 
At  this  bank,  where  it  is  considered  that  the  top  of  the  Orangeville 
formation  occurs,  is  a  small  reverse  fault,  similar  to  those  which  were 
noticed  in  the  lower  shales  in  Cleveland.  A  single  reading  of  the 
barometer  gave  105  feet  from  the  top  of  the  Aurora  sandstone  to  the 
top  of  the  Orangeville  formation.  If  to  this  the  combined  thickness 
of  the  Aurora  sandstone  and  Sunbury  shale  be  added,  which  we  will 
call  approximately  10  feet  for  this  creek,  it  will  give  115  feet  for  the 
thickness  of  the  Orangeville  formation  on  Chippewa  Creek. 

The  line  marking  the  top  of  the  Orangeville  formation  is  drawn 
at  the  base  of  the  first  sandstone  of  any  considerable  thickness,  which 
is  the  lower  limit  also  of  a  marked  sandstone  zone.  This  contact  is 
clearly  shown  at  two  places  not  far  apart  on  the  southern  bank  of  the 
creek.  The  lower  one  gives  the  following  section: 

Section  on  Southern  Bank  of  Chippewa  Creek  Showing  Top  of 
Orangeville  Formation. 

Total 

Thick-  thick- 
No.  .  ness.     ness. 

Feet.     Feet. 

4.     Coarser  shale  to  sandstone,  estimated  as  8  feet 8±     30 

3.     Rather  fine  shale,  thickness  estimated  as  about  5  feet 5±     22 


'Geol.  Surv.  Ohio,  Vol.  I,  p.  185. 
2Ibid.,  p.  210. 
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Total 

Thick-  thick- 

Xo  liess.     ness- 

Feet.     Feet. 

2.  Sandstone    zone,    compact,    blue,    rather   massive    stone, 

estimated  thickness  about  5  feet 5=*=     17 

1.  Top  of  Orangeville  formation.     Fine  bluish,  rather  arena- 

ceous shale,  with  only  two  thin  sandstone  layers  in  a 
thickness  of  about  12  feet.  The  next  lower  exposures 
on  the  creek  are  composed  entirely  of  fine,  rather  soft, 
bluish-black  to  black  shales  12±  12 

The  second  locality,  which  is  a  little  farther  up  the  creek,  where 
the  sandstones  make  a  small  fall,  does  not  show  so  high  a  bank  as  the 
lower  one  but  is  readily  accessible  for  measurement. 

Second  Section  Giving  Top  of  Orangeville  Formation. 

Thickness.  Total 

No  thickness. 

Ft.         In.  Ft.  In. 

6.  Compact,  blue,  fine-grained  sandstone __        11  8 

5.  Arenaceous  shale ..          1|+  7          \ 

4.  Blue,  compact,  fine-grained  sandstone 16  6        11 

3.  Top  of  Orangeville  formation.     Blue  shale 

in  fine  lamina,  partly  argillaceous,  and 

then  somewhat  sandy  near  the  base 43  55 

2.  Thin,  bluish  sandstone  layer,  varying  from 

1  to  3|  inches  in  thickness  2=»=          1          2 

1.     Blue,  rather  arenaceous,  but  fine  shale  to 

bed  of  creek  1+     __  1 

Beginning  with  the  base  of  the  blue  compact  fine-grained  sand- 
stone, No.  4  in  the  second  section  and  No.  2  in  the  first  one,  there  is 
a  rather  definite  and  heavy  sandstone  zone  about  5  feet  in  thickness, 
while  the  succeeding  rocks  are  rather  thin-bedded  sandstones  alter- 
nating with  bluish  argillaceous  or  arenaceous  shales.  There  is  cer- 
tainly a  marked  lithologic  change  at  the  horizon  indicated,  and  there- 
fore it  has  been  selected  for  the  line  of  division  between  the  Orange- 
ville formation  and  the  succeeding  one,  although  the  base  of  the  lowest 
thin  sandstone  in  No.  1  of  the  first  section  may  perhaps  represent  the 
thin  sandstone,  which  was  called  the  base  of  the  Royalton  formation 
in  the  Rocky  River  sections  to  the  southwest  of  Cleveland.  Unques- 
tionably these  upper  rocks  correspond  with  Dr.  Newberry's  lithologic 
description  of  the  Cuyahoga  shale  and  apparently  the  lower  portion 
may  be  regarded  as  the  somewhat  modified  western  extension  of  the 
Sharpsville  sandstone,  which  in  western  Pennsylvania  and  eastern 
Ohio  immediately  succeeds  the  Orangeville  formation. 

Ten  feet  above  the  top  of  the  Orangeville  formation,  according 
to  two  readings  of  the  barometer,  is  a  conspicuous  sandstone  stratum, 
about  3J  inches  in  thickness,  which  forms  the  floor  of  the  creek  for 
several  rods  due  to  a  sharp  rise  in  the  rocks  as  followed  up  stream. 
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This  stratum,  which  probably  occurs  near  the  base  of  No.  4  of  the 
first  section,  is  very  compact  and  forms  a  slight  fall  at  its  lower  end. 
It  contains  immense  numbers  of  the  form  generally  called  Spirophy- 
ton  or  Taonurus  which  appear  to  the  writer  to  have  probably  been 
made  by  marine  worms. 

Farther  up  the  stream  and  not  far  below  the  north  and  south  road 
which  crosses  the  creek  in  the  western  part  of  Brecksville  Township, 
is  an  exposure  of  about  20  feet  on  the  southern  bank.  The  lower  few 
feet  are  composed  of  bluish  arenaceous  or  argillaceous  shales  with  an 
occasional  very  thin  sandstone  layer  and  somewhat  calcareous  and 
rusty  concretionary  layers,  similar  in  appearance  to  those  in  the  Cha- 
grin. Then  a  layer  of  fine-grained,  bluish  sandstone  about  a  foot  in 
thickness  with  a  shale  parting  near  the  middle  occurs,  which  by  the 
barometer  is  30  feet  above  the  top  of  the  Orangeville  formation.  The 
bank  shows  15  feet  of  bluish  shales  with  frequent  thin,  alternating 
layers  of  sandstone  from  4  to  6  inches  in  thickness  succeeding  the 
1-foot  stratum  of  sandstone.  About  45  feet  of  rock  succeeding  the 
Orangeville  formation  is  shown  to  the  top  of  this  cliff,  which  is  the 
highest  outcrop  of  the  older  rocks  seen  on  the  stream.  There  are  rather 
steep  banks  on  the  creek  for  a  mile  or  more  above,  which  were  ex- 
amined at  numerous  places  but  only  glacial  deposits  or  soil  were  found.  In 
this  45  feet  of  rock  succeeding  the  Orangeville  formation,  the  thickest 
and  most  massive  sandstones  occur  at  its  base  within  the  first  5  feet. 
As  a  rule  in  the  succeeding  40  feet  the  sandstones  are  thin-bedded  and 
alternate  with  bluish  clay  or  sandy  shales,  which  probably  form  the 
greater  proportion  of  the  total  thickness.  It  is  probable  that  this 
entire  45  feet  of  rock  was  deposited  during  the  same  time  that  the 
Sharpsville  sandstone  was  being  deposited  in  what  is  now  eastern 
Ohio  and  western  Pennsylvania.  The  deposits,  however,  on  Chip- 
pewa  Creek  contain  a  much  larger  proportion  of  shale  and  litholog- 
ically  do  not  closely  resemble  the  typical  deposits  of  the  Sharpsville 
sandstone.  In  a  somewhat  general  and  provisional  way,  however, 
it  is  perhaps  not  incorrect  to  apply  the  name  Sharpsville  to  these  deposits. 

The  Orangeville  formation  is  probably  shown  to  better  advan- 
tage on  Chippewa  Creek  than  at  any  other  locality  in  the  vicinity  of 
Cleveland.  It  may  readily  be  divided  into  three  members  of  which 
the  lower  and  upper  ones  are  shales,  separated  by  a  sandstone.  The 
lower  member  is  the  Sunbury  shale,  which  is  succeeded  by  a  zone  of 
sandstone  or  sandstone  alternating  with  arenaceous  shale  that  forms 
the  second  member  to  which  the  name  of  Aurora  sandstone  has  been 
given  from  its  outcrops  on  the  stream  of  that  name.  The  combined 
thickness  of  these  two  members,  however,  on  Chippewa  Creek  is 
scarcely  more  than  10  feet,  above  which  is  105  feet  or  more  of  soft 
dark  colored  shale.  This  shale  corresponds  more  nearly  with  the  orig- 
inal Orangeville  shale  of  Dr.  White  than  any  other  portion  of  the 
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formation  as  shown  on  Chippewa  Creek.  Still,  according  to  Dr. 
White's  later  definition  of  the  shale,  it  undoubtedly  has  the  limits 
which  have  already  been  explained  in  this  bulletin.  On  account  of  the 
sandstone  member,  it  is  considered  that  formation  is  a  better  term 
than  shale  to  use  for  the  entire  terrane.  It  will  be  convenient,  how- 
ever, to  have  a  distinctive  name  for  the  upper  and  thickest  member 
of  the  formation,  and  since  Orangeville  is  used  for  the  complete  ter- 
rane, in  order  not  to  use  that  name  in  two  senses,  a  new  one  is  needed 
for  the  upper  shale  member.  There  are  no  better  exposures  of  this 
member  to  be  found  than  on  the  cliffs  of  Chippewa  Creek,  beginning 
above  the  highway  bridge  one-half  mile  northwest  of  Brecksville  and 
continuing,  with  some  interruptions,  for  one-fourth  mile  or  farther 
up  this  creek  and  its  first  southern  branch.  The  highest  and  most  con- 
spicuous shale  banks  are  from  one-half  to  one  mile  west  to  northwest 
of  Brecksville  village,  not  far  from  the  center  of  Brecksville  Town- 
ship, and  for  this  reason  the  name  of  Brecksville  shale  is  given  to  the 
upper  member  of  the  Orangeville  formation. 

The  thickness  of  the  rocks  and  the  several  formations  shown  from 
the  mouth  of  Chippewa  Creek  to  its  highest  outcrops  is  represented 
diagrammatically  in  the  following  section.  The  thickness,  however, 
was  determined  largely  by  barometer,  and  on  this  account  and  some 
others  is  not  so  accurate  as  in  some  of  the  other  sections. 
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The  above  estimate  of  370  feet  for  the  thickness  of  the  rocks  from 
the  level  of  the  Cuyahoga  River  at  Brecksville  station  to  the  highest 
outcrop  of  the  Carboniferous  rocks  on  Chippewa  Creek  is  probably 
not  very  seriously  in  error  since  this  outcrop,  which  was  located  rather 
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accurately  on  the  topographic  map,  is  approximately  380  feet  higher 
than  the  river  level. 

Some  search  was  made  on  the  upper  tributaries  of  Chippewa 
Creek  in  the  hope  of  carrying  the  section  higher  than  at  the  locality 
already  reported;  but  without  any  distinct  success.  Thin-bedded  blu- 
ish sandstones  were  noted  in  places  on  the  road  south  of  the  creek,  about 
1J  miles  above  the  road  forks  and  near  the  first  run,  which  are  per- 
haps 90  feet  higher  than  the  outcrop  on  the  creek  bank  and  are  below 
the  Sharon  conglomerate.  The  formation  just  mentioned  is  the  con- 
glomerate often  found  at  the  base  of  the  coal-measures,  and  was  named 
by  Dr.  I.  C.White  in  1879  (?)  from  outcrops  on  the  hill  west  of  Sharon, 
Pennsylvania,  about  on  the  Ohio-Pennsylvania  State  line.' 

A  similar  search  was  made  along  the  upper  course  of  Rocky  River 
and  its  branches  in  the  southeastern  part  of  Royalton  and  northeastern 
part  of  Hinckley  townships,  but  with  the  exception  of  the  Sharon 
conglomerate,  only  glacial  and  alluvial  deposits  were  seen.  The 
higher  ground  of  this  region  is  capped  by  the  Sharon  conglomerate, 
outcrops  of  which  were  noted  at  several  places.  One  of  these  is  on  a 
small  run  west  of  Rocky  River  and  the  James  Steigler  house,  about 
where  the  east  and  west  crossroad  near  the  southern  line  of  Royalton 
Township  turns  to  the  southeast.  At  this  place  45  feet  of  rock  is  shown 
which  is  mainly  a  coarse  grit  in  massive  layers  with  some  pebbles. 
There  is  an  occasional  zone  with  numerous  large  white  quartz  pebbles ; 
but  these  are  infrequent.  It  has  been  quarried  at  this  locality  to  a 
slight  extent.  Rocky  River  at  the  crossing  on  the  township  line,  shows 
nothing  but  boulder  clay  and  other  glacial  and  alluvial  deposits.  The 
small  but  steep  hill,  however,  just  to  the  east  is  capped  by  the  massive 
ledges  of  the  Sharon  conglomerate  which  is  largely  a  coarse  grit  con- 
taining some  pebbles.  At  the  Rocky  River  bridge  of  the  northern 
east  and  west  road  in  Hinckley  Township  the  stream  is  sluggish,  the 
valley  broad  with  alluvial  deposits  and  drift  on  the  hill  slopes.  On 
the  steep  hill  to  the  west  ledges  of  massive  Sharon  conglomerate  ap- 
pear at  an  elevation  of  110  feet  (barometric)  above  the  river  and  then 
continue  for  70  feet  nearly  to  the  top  of  the  hill.  The  topographic 
map  indicates  that  the  highway  ,  where  it  crosses  the  top  of  the  hill, 
is  some  200  feet  higher  than  the  river  to  the  east,  so  that  probably  some- 
what more  than  70  feet  of  the  conglomerate  remains  on  this  hill. 

Section  Near  North  Royalton.  —  Rocky  River  is  not  a  tribu- 
tary of  the  Cuyahoga  River  but  on  the  contrary  enters  Lake  Erie  west 
of  Cleveland.  The  section  of  its  tributary,  however,  near  North  Roy- 
alton is  given  in  this  chapter  of  the  present  bulletin,  because  it  furnishes 
a  continuation  of  the  Chippewa  Creek  section,  and  hence  is  of  special 
interest  in  this  connection,  since  it  gives  information  concerning  the 
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upper  deposits  of  the  Cuyahoga  terrane.  North  Royalton  is  located 
near  the  center  of  Royalton  Township  on  the  high  ground  which  lies 
in  the  great  loop  of  the  Rocky  River.  There  is  a  steep  slope  on  the 
western  side  down  to  the  valley  of  Rocky  River  which  lies  375  feet  or 
more  below  the  village.  There  are  numerous  runs  from  the  high  land 
to  the  river,  which  have  cut  small  gorges  of  greater  or  lesser  depth  in 
this  slope.  The  majority  of  them,  however,  show  only  glacial  or  allu- 
vial deposits.  One,  however,  on  the  farm  of  Jacob  Driesbach,  shows 
about  150  feet  of  the  older  rocks  which  is  a  very  interesting  place  for 
study.  The  first  rocks  in  the  upper  part  of  the  glen  begin  one-half 
mile  northwest  of  the  center  of  North  Royalton  and  then  continue 
down  the  steep  slope  of  the  hill  until  the  more  gradual  slope  is  reached 
when  boulder  clay,  drift  and  alluvial  deposits  are  found.  Unfortun- 
ately rather  limited  time  was  available  for  the  study  of  the  gully;  but 
the  following  section  was  determined: 


Section  of  Gully  Northwest  of  North  Royalton. 

Total 

Thick-  thick- 
No  ness.     ness. 

Feet.     Feet. 

12.  Upper  limestone.  The  highest  outcrop  seen  is  a  blue, 
fossiliferous  limestone  in  places  fully  1  foot  thick. 
In  a  branch  gully,  2  or  3  feet  lower,  apparently  a  similar 
layer  is  shown  _  1  ±  150£ 

11.  Mostly  covered  interval;  but  at  the  base  are  thin  layers 

of  bluish  sandstone 24  149^ 

10.  Calcareous  layers,  1  to  2  inches  thick,  which  are  fos- 
siliferous. Above  and  below  the  calcareous  zone  are 
thin  layers  of  bluish  sandstone f±  125£ 

9.  In  the  upper  part  are  thin,  blue  sandstones,  with  an  occa- 
sional thin,  calcareous  layer,  in  which  fossils  are  abun- 
dant. This  is  especially  true  of  one  about  9  feet  below 
the  base  of  the  calcareous  zone,  in  which  are  numerous 
fossils,  especially  a  large  Productus.  The  sandstones 
are  bluish  to  gray  in  color,  rather  coarse-grained,  and 
split  into  thin,  somewhat  laminated  layers.  Fossils 
occur  in  the  sandstones,  but  not  so  abundantly  as  in 
the  calcareous  layers.  There  are  occasional  concre- 
tions, and  likewise,  layers  with  ripple-marks 24  124f 

8.  Lower  limestone.  Impure,  blue,  compact  limestone,  about 
9  inches  thick,  which  grades  below  into  thin-bedded, 
bluish  sandstone.  It  is  similar  to  the  layer  at 
the  top  of  the  section,  but  apparently  not  so  much  of 
a  limestone,  and  is  50  feet  lower  by  the  barometer f  ±  lOOf 

7.    Mainly  thin,  blue  sandstones,  alternating  with  blue  shales..     50      100 

6.  Fairly  soft,  rather  argillaceous  shales  in  bed  of  run.  Lower 
are  thin,  bluish,  laminated  sandstones,  alternating  with 
these  soft  shales.  Some  of  the  sandstones  show 
ripple-marks •.__'.  15  50 

10— G.  B.  15. 
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Total 

v  .  Thick-  thick- 

ness.    ness. 
Feet.     Feet. 

5.     A  blue,  calcareous  layer,  somewhat  similar  to  the  higher 
ones,  but  mainly  crinoidal,  about  2  inches  in  thickness. 
Several  of  these  layers  occur  in  the  following  5  feet, 
some    of  which  are  rather  concretionary,   like  those 
noted  in  lower  shales  ________________________________      5        35 

4.     Bluish,  rather  soft,  argillaceous  shale  ___________________      5        30 

3.     Sandstones,   alternating  with  shales.     Although  some  of 
these  shales  are  argillaceous,   all  of  them  are  much 
coarser  than  those  of  the  Brecksville  _________________     20        25 

2.     Sandstone  zone  of  bluish  to  grayish  color,  the  lower  layer 

1£  feet  thick  _________________________________________       li        5 

1.  Thin,  grayish  or  bluish  sandstones  and  shales  to  the  lowest 
exposures.  A  somewhat  calcareous  and  thin  layer 
about  3  feet  below  the  base  of  the  thick  sandstone  con- 
tains some  fossils,  and  specimens  of  Productus  and 
Spirifer  were  collected.  Fossils,  however,  in  the 
lower  100  feet  of  the  section  are  much  less  frequent  than 
between  the  two  limestones,  Nos.  8  and  12.  Below 
this  horizon  only  boulder  clay  and  other  glacial  and 
alluvial  deposits  were  seen  ______  _____________________  31  3^ 

The  lowest  outcrops  in  this  gully  are  according  to  the  barometer 
from  135  to  145  feet  higher  than  the  level  of  Rocky  River  opposite 
the  cliff  of  Brecksville  shale  on  the  Edward  Meacher  farm,  and  they 
are  above  the  top  of  the  Orangeville  formation.  A  reading  from  the 
mouth  of  the  run  entering  East  Branch  from  the  east  about  a  mile 
above  Roy's  Mill  made  the  interval  from  that  point  up  to  the  lowest 
outcrops  in  this  gully  190  feet. 

Another  gully  to  the  southwest  of  North  Royalton  also  shows 
Carboniferous  rocks  along  part  of  its  course,  and  according  to  the 
barometer,  they  are  shown  about  20  feet  lower  than  on  the  former  run. 
This  gully  is  crossed  by  the  diagonal  road  running  southwest  from 
North  Royalton  about  one-half  mile  southwest  of  the  village.  The 
lowest  rocks  are  shown  only  a  few  rods  below  the  bridge,  and  con- 
sist of  bluish  argillaceous  or  somewhat  arenaceous  shale  with 
thin  layers  of  blue  sandstone.  Some  layers  are  slightly  calcareous, 
with  a  rusty  color,  similar  in  appearance  to  those  in  the  Chagrin  form- 
ation. There  are  traces  of  fossils  in  the  soft  shales.  There  is  too 
much  sandstone  in  this  outcrop  for  the  typical  Brecksville  shale;  and 
it  is  125  feet  (barometric  measurement)  above  Rocky  River  opposite 
the  Meacher  cliff  of  Brecksville  shale. 

There  are  fair  exposures  from  the  base  for  about  95  feet  (baro- 
metric measurement)  up  this  run.  Bluish  shales  with  thin  sandstones 
somewhat  laminated  and  an  occasional  thin  slightly  calcareous  layer 
are  the  prevailing  rocks.  About  65  feet  above  the  base  is  a  somewhat 
calcareous,  bluish  stratum  about  7  inches  thick  which  resembles  an 
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impure  limestone.  The  highest  layer  seen  is  a  thin  one  of  lamin- 
ated bluish  sandstone  in  the  bed  of  the  run.  Outcrops  of  these  bluish, 
thin-bedded  sandstones  were  seen  at  a  few  other  places  in  the  runs 
or  on  the  highways  descending  this  steep  western  slope;  but  none  of 
them  were  extensive  enough  to  be  of  any  particular  interest. 

The  Brecksville  shale  is  shown  on  the  western  bank  of  Rocky 
River  on  the  farm  of  Wm.  Meacher,  perhaps  about  one-half  mile  be- 
low the  river  bridge  on  the  road  to  the  southwest  of  North  Royalton. 
It  may  also  be  seen  from  the  eastern  side  of  the  river  not  far  from  the 
house  of  Mr.  Edward  Meacher.  The  bank  is  about  18  feet  high,  and 
is  composed  of  black  to  bluish-black  soft  shale.  Apparently  no  sandy 
layers  occur  in  it,  and  it  is  typical  Brecksville  shale.  According  to 
Mr.  Edward  Meacher  another  bank  of  similar  shale  occurs  about  one- 
half  mile  below  the  one  examined;  while  a  third  bank  was  reported 
below  the  second  highway  bridge  over  the  river  in  Strongsville  Town- 
ship. 

Brandy  wine  Creek  Sections*  —  Brandywine  is  the  next  large 
creek  south  of  Tinkers  which  enters  the  Cuyahoga  River  from  the  east. 
That  part  of  its  course  which  has  rocky  banks  lies  in  the  southern  part 
of  Northfield  Township,  which  is  in  the  northern  tier  of  townships  in 
this  county.  Brandywine  Falls  over  the  Berea  grit  on  this  creek  are 
about  7J  miles  south  of  the  glen  on  Tinkers  Creek  near  Bedford.  The 
creek  has  cut  a  gorge  of  some  depth  in  the  Bedford  and  Chagrin  shales 
below  Brandywine  Falls  and  the  rocks  of  this  portion  of  its  course 
will  now  be  described: 

Section  of  Gorge  and  Brandywine  Falls. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

10.  Sunbury  shale.  By  the  side  of  the  road,  just  south  of  the 
falls,  is  an  outcrop  of  thin,  black  shale.  As  weathered, 
it  is  frequently  much  iron-stained  on  the  outside  and 
rather  brownish  inside.  Fragments  of  fish  scales  and 
spines,  specimens  of  Lingula  melie  Hall  andOrbiculoidea 
herzeri  Hall  and  Clarke,  and  fragments  of  plant  stems 
like  Cordaites  were  found,  especially  in  shale  thrown 

out  of  a  trench  for  a  pipe  line  in  December,  1906 6      174 

9.  Covered  interval;  but  on  the  northern  bank  at  the  path- 
way, are  apparently  some  sandy  shales,  with  the  litho- 
logic  appearance  of  the  Berea,  probably  belonging  in 
part  of  this  interval. 

The  writer  is  not  sure,  however,  that  these  sandy 
shales  are  in  place;  but  in  the  southern  quarry  at  Pen- 
insula, and  in  a  creek  to  the  south  of  the  quarry, similar 
sandy  shales  form  the  upper  part  of  the  Berea  formation, 
which  apparently  supports  the  above  opinion.  If  this 
interval  does  not  belong  in  the  Berea,  then  the  massive 
sandstone  at  the  top  of  the  bank  above  the  fall  marks 
the  top  of  the  formation  . .  '5  168 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

8.  Berea  grit.  Massive,  coarse-grained  sandstone,  forming 
crest  of  falls.  The  top  of  this  zone  is  shown  on  the 
northern  bank  at  the  falls,  and  apparently  in  a  small 
tributary  entering  the  creek  from  the  south,  above  the 

highway 17|    163- 

7.  Shaly  zone,  with  some  fairly  thick  layers,  which  are,  how- 
ever, irregular  so  far  as  thickness  is  concerned 9f  145 

6.  Fairly  massive  sandstone,  some  of  the  layers  showing  con- 
spicuous ripple-marks.  The  grit  forms  ledges  on  both 
sides  of  the  creek  for  some  distance  below  the  falls. 
The  sum  of  the  thickness  of  these  three  sandstone  zones 
is  34|  feet,  all  of  which  clearly  belongs  in  the  Berea 
formation,  and  if  to  this  the  superjacent  shaly  and  cov- 
ered interval  of  5  feet  be  added,  it  will  give  39^  feet  for 

the  thickness  of  the  formation 6f    135j 

5.  Bedford  formation.  It  forms  the  lower  part  of  the  fall, 
where  29|  feet  is  shown,  which  is  mainly  a  fairly  bluish, 
argillaceous  shale,  with  occasional  thin  layers  of 
sandstone,  perhaps  an  inch  or  so  in  thickness,  and  some 
of  which  are  slightly  calcareous.  Not  infrequently, 
lenticular  concretions  occur,  which  are  similar  to  those 
in  the  upper  part  of  the  Cuyahoga  terrane.  Some 
time  was  devoted  to  hunting  for  fossils  in  this  shale; 
but  only  a  comparatively  small  number  of  specimens 
was  found.  The  most  abundant  one  is  Chonetes,  which 
is  common  in  the  lower  few  inches  of  shale.  Specimens 
of  Productus,  Camarotoechia,  Athyris  and  Palceoneilo 
(?)  also  occur.  It  was  leveled  from  the  top  of  the 
Cleveland  shale  to  the  base  of  the  Berea  sandstone 
in  the  fall,  and  also  on  the  northern  bank  of  the  creek 
some  rods  below  the  fall,  where  the  entire  thickness  of 
the  formation  is  shown,  and  in  each  instance  48  feet  was 
obtained.  At  this  latter  locality,  the  lower  part  of  the 
formation  is  shown,  which  also  consists  of  bluish  shales 
and  thin  sandstones.  Although  only  6  miles  south- 
southeast  of  Sagamore  Creek,  there  is  no  representa- 
tion here  of  either  the  Sagamore  or  the  Euclid  sand- 
stone lentils;  while  instead  of  a  thickness  of  some  90 
feet  as  in  the  Sagamore  Creek  region  there  is  only  48 
feet.  From  the  top  of  the  Cleveland  shale  to  the  top 
of  the  massive  Berea  is  82£  feet  by  level,  and  85  feet  by 

barometer  48 

4.  Cleveland  shale.  This  is  shown  in  bed  of  creek  not  far 
below  the  fall  and  on  both  banks  farther  down  stream. 
The  upper  part  is  even  bedded,  somewhat  slaty,  but 
splitting  up  into  laminae  on  weathering.  The  lower  part 
is  rather  more  massive,  especially  as  seen  in  gullies  on 
creek  bank  where  it  has  been  uncovered  for  only  a 
comparatively  short  time,  apparently  a  little  gritty 
and  also  contains  bits  of  mica.  In  a  gully  which  will 
be  described  later,  in  connection  with  the  top  of  the 
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Total 

Thick-  thick- 
No.  nos3.     ness. 

Feet.    Feet. 

Chagrin  formation,  15|  feet  is  shown.  The  entire  for- 
mation is  shown  in  the  bed  of  the  creek,  the  top  of  which 
is  only  a  few  rods  below  the  foot  of  the  fall,  where  its 
thickness  as  determined  by  Mr.  Morse,  is  13£  feet 15|  80£ 

3.  Chagrin  formation.  The  top  of  this  formation  in  the 
creek,  and  on  the  bank  for  some  little  distance  below 
is  marked  by  a  fine-grained,  gray  sandstone,  which  in 
places  is  14  inches  in  thickness,  and  makes  a  small  fall. 
On  the  southern  bank,  a  few  rods  below  the  fall,  the 
contact  with  the  Cleveland  shale  is  shown.  Some  10 
feet  of  coarse,  gritty  Cleveland  shale  occurs  in  the 
cliff  above  the  sandstone,  and  the  lithologic  change  is 
sharp  at  this  contact  of  the  two  formations.  Below 
the  top  sandstone  of  the  Chagrin  formation  are  other 
layers  of  rather  coarse  sandstone,  which  make  small 
falls  or  rapids.  Alternating  with  these  sandstones  are 
softer  layers  of  olive  shales,  which  frequently  contain 
fossils  in  considerable  abundance.  The  most  abundant 
species  are  Spirifer  disjunctus  Sowb.,  Athyris  polita 
Hall,  and  Productellas.  This  is  an  excellent  locality 
in  which  to  collect  the  fauna  of  the  upper  Chagrin  for- 
mation. Some  of  the  coarser  layers  in  the  lower  part 
of  the  glen  show  ripple-marks 20  65 

2.  Covered  interval;  from  about  the  base  of  the  lower  cliff 
at  the  end  of  the  gorge  down  the  stream,  in  which  are 
frequent  banks  of  boulder  clay 40=*=  45 

1.  Blue  Chagrin  shale;  about  5  feet  of  which  is  shown,  and 

this  is  as  far  as  the  stream  was  followed 5  5 

On  the  southwestern  bank  of  the  stream  not  far  above  the  lower 
end  of  the  gorge  the  water  from  the  road  gutter,  which  passes  under 
the  highway  through  a  sewer  pipe,  had  in  October,  1906,  recently  cut 
through  the  surficial  deposits  of  this  steep  slope  to  the  bed  rock.  At 
this  locality  the  following  section  was  shown  in  October,  1906: 


Section  of  Bank  of  Brandywine  Creek  Below  the  Fall 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.    Feet. 

5.     Soil   and   boulder   clay   to   mouth   of  sewer  pipe   below 

highway 35        85! 

4.  Bedford  shale.  Gray,  soft  shale,  with  an  occasional  thin 
sandstone.  Sharp  contact  with  subjacent  Cleveland 
shale  shown  under  roots  of  a  stump  which  extended 
across  the  gully 15  50J 

3.  Cleveland  shale.  Black  and  bituminous,  lower  part  mas- 
sive, somewhat  gritty  with  specks  of  mica 15|  35£ 

2.  Covered  interval  of  about  6  feet,  most  of  which  probably 

belongs  in  the  Chagrin  formation 6=*=  20 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet, 

1.  Chagrin  formation.     Olive,  soft  shales  at  the  top  of  which 

the  barometer  read  the  same  as  at  the  top  of  the  for- 
mation farther  up  the  creek,  then  there  is  a  covered 
interval,  below  which  on  the  creek  bank  are  bluish  to 
olive,  argillaceous  and  arenaceous  shales,  alternating 
with  thin  sandstones.  The  shales  contain  numerous 
specimens  of  Spirifer  disjunctus  Sowb.,  together  with 
an  occasional  specimen  of  some  other  species 14  14 

A  few  rods  farther  up  the  creek,  on  the  same  bank,  the  stream 
from  the  highway  gutter  passing  through  the  next  higher  sewer  pipe 
has  cut  another  gully  which  shows  the  following  section: 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

4.     Soil    and   boulder   clay   to   mouth   of   sewer  pipe,   not     __ 
measured 

3.  Bedford  formation.  Bluish  to  gray  shales,  alternating 
with  thin  sandstones,  after  about  5  feet. of  soft,  basal 
shales  18±  53 

2.  Cleveland  shale.    Sharp  contact  with  Bedford  formation, 

and  lithologic  change  at  once.  Black  shale,  which  in 
upper  part  of  exposure  splits  into  rather  thin  laminae; 

but  lower  part  is  massive  and  somewhat  gritty 10        35 

1.     Covered  to  creek  bank  where  Chagrin  shale  is  shown  near 

water  level 25        25 

At  the  end  of  the  gorge  is  a  rather  high  cliff,  perhaps  50  feet  high 
the  lower  part  composed  mainly  of  bluish  Chagrin  shale  with  some 
sandstone  layers  capped  by  a  more  prominent  sandstone.  Above 
this  sandstone  is  the  Cleveland  shale,  which  on  the  weathered  surface 
has  a  rusty  appearance. 

In  the  above  section  there  is  15J  feet  of  Cleveland  shale,  48  feet 
for  the  Bedford  formation  and  34i  feet  of  the  Berea  grit,  to  which 
may  perhaps  be  added  5  feet  of  thin-bedded  layers  above  the  top  of 
the  massive  rock  overlooking  the  fall,  making  a  total  of  39i  feet. 
It  will  be  remembered  that  the  section  above  the  Cleveland  &  Pitts- 
burgh Railroad  viaduct  near  Bedford,  which  is  about  7J  miles  north  of 
Brandy  wine  Falls,  gave  39i  feet  for  the  thickness  of  the  Berea  grit; 
while  on  Chippewa  Creek,  5f  miles  northwest  of  Brandywine  Falls,  40 
feet  was  obtained.  At  the  latter  locality  the  Bedford  formation  is  ap- 
parently 65  feet  thick,  while  in  this  section  it  is  only  48  feet. 

The  shales  and  thin  sandstones  of  the  upper  part  of  the  Chagrin 
as  exposed  in  the  lower  part  of  the  gorge  below  Brandywine  Falls  are 
fairly  fossiliferous.  Slabs  of  these  sandstones  washed  out  by  the  stream 
and  picked  up  loose  from  along  its  bed  below  the  top  of  the  Chagrin 
formation  furnished  the  following  species: 
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1.  Spirifer  disjunctus  Sowb. 

These  specimens  have  about  12  plications  in  the  sinus  and  it 
is  stated  in  Hall's  description  of  this  species  that  "The 
mesial  fold  and  sinus  are  each  marked  by  about  ten, 
sometimes  twelve  or  fourteen  ribs  near  the  front."  There 
are  specimens  from  this  locality  with  the  cardinal  ex- 
tremities as  long  as  in  fig.  19,  pi.  42,  Vol.  IV,  Pal. 
N.  Y..,  and  others  like  fig.  13. 

Specimens  were  compared  with  authentic  ones  of  this 
species  in  both  the  Cornell  and  New  York  State  museums, 
so  that  there  is  no  question  concerning  the  accuracy  of  the 
identification. 

2.  Athyris  polita  Hall 

3.  Productella  lachrymosa  Con.  var.  stigmata  Hall 

The  pustules  of  this  specimen  are  of  about  the  same  strength 
and  closely  resemble  those  of  the  original  of  fig.  36,  pi. 
25,  Vol.  IV,  Pal.  N.  Y.,  of  this  species  and  variety.  The 
Ohio  specimen  is  smaller  than  most  of  those  of  this  va- 
riety in  the  collections  of  the  New  York  State  Museum. 

4.  Chonetes  setiger  Hall 

Specimens  marked  with  40  lines  (striae)  near  outer  margin 
of  shell,  and  compared  with  authentic  specimens  of  this 
species  at  Cornell  University,  with  which  they  agree 
closely. 

5.  Amboccelia  umbonata  Con.  var.  gregaria  Hall 

A  specimen  of  a  dorsal  valve  from  Brandywine  Creek  has  the 
rather  narrow  and  fairly  deep  median  sinus,  which  is  char- 
acteristic of  this  variety,  since  it  is  stated  that  the  dorsal 
valve  of  A.  umbonata  has  "no  perceptible  mesial  fold, 
furrow  or  impressed  line." 

The  original  of  fig.  23,  pi.  44,  Vol.  IV,  Pal.  N.  Y., 
which  is  from  the  Chemung  of  Randolph,  Cattaraugus 
Co.,  N.  Y.,  was  studied  in  the  State  Museum.  It  is  the 
interior  of  a  dorsal  valve  and  associated  with  it  is  a 
considerable  number  of  other  impressions  of  this  variety. 
Specimens  from  this  locality  agree  with  others  on  the 
block  from  the  Chemung  formation  of  Jasper,  Steuben 
Co.,  N.  Y.,  which  contains  the  original  of  fig.  5d,  p.  267, 
Geol.  Kept.  4th  Dist.,  N.  Y.,  that  later  became  one  of 
Hall's  types  of  this  variety,  and  which  is  now  in  the 
American  Museum.  There  are  specimens  of  ventral 
valves  on  this  New  York  block  which  agree  precisely 
with  the  Ohio  ones,  and  the  writer  considers  them 
identical.  Professor  Schuchert  recognizes  this  variety 
as  a  distinct  species,  which  is  given  as  restricted  to  the 
Chemung.1 

6.  Camarotcechia  cf.  contracta  Hall 

7.  Leptodesma  sp. 

Imperfectly  preserved  specimens. 

From  shales  in  the  upper  part  of  the  Chagrin  formation  collected 
along  Brandywine  Creek,  the  following  species  were  obtained: 

'Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  140. 
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1.  Spirifer  disjunctus  Sowb. (c) 

The  specimens  from  the  shales  do  not  show  mucronate  ex- 
tensions of  the  cardinal  extremities;  but  in  general  are 
of  the  narrow  type  similar  to  those  of  Chippewa  Creek. 

2.  Athyris  polita  Hall (c) 

3.  Ambocoelia  umbonata  Con.  var.  gregaria  Hall  (c) 

4.  Chonetes  setiger  Hall (c) 

Surface  marked  by  40,  or  perhaps  more  rounded  lines  (striae), 
and  specimens  were  compared  with  authentic  ones  of 
this  species  at  Cornell  and  the  American  Museum.  At 
the  latter  museum  they  were  compared  with  the  original 
of  fig.  4,  pi.  22,  Vol.  IV,  Pal.  N.  Y.,  from  the  Chemung 
of  Painted  Post,  N.  Y.,  and  there  is  apparently  no  ques- 
tion concerning  the  identity  of  these  specimens  with  this 
species.  It  is  listed,  however,  by  Schuchert  as  ranging 
from  the  Marcellus  to  the  Waverly1  and  it  is  reported 
by  Hall  and  Clarke  from  Penfield,  in  the  southern  part 
of  Lorain  Co.,  Ohio,  which  is  in  the  Waverly.2 

5.  Productella  lachrymosa  Con. (c) 

This  is  another  species  that  Schuchert  lists  as  only  in  the 
Chemung.3 

6.  Productella  arctirostrata  Hall (rr) 

The  largest  Ohio  specimen  closely  resembles  one  from  Mans- 
field, Pa.,  at  Cornell  University,  which  was  identified 
by  Dr.  Kindle  as  this  species.  This  identification  is  also 
supported  by  comparison  with  specimens  from  near  Mans- 
field, Tioga  Co.,  Pa.,  now  in  the  American  Museum, 
which  were  identified  as  this  species  by  Professor  Hall. 
According  to  Schuchert,  the  species  is  restricted  to  the 
Chemung  formation. 

7.  Productella  striatula  Hall  (?) (rr) 

One  specimen,  with  spines  and  concentric  folds,  resembling 
this  species. 

8.  Productella  hirsuta  Hall  var.  rectispina  Hall (r) 

The  Brandywine  Creek  specimens  were  compared  with  the 
originals  of  figs.  31-35,  pi.  24,  Vol.  IV,  Pal.  N.  Y.,  which 
are  in  the  American  Museum,  and  they  agree  very  well 
in  the  size  and  character  of  the  small  spines.  The  spines 
are  perhaps  a  little  coarser  on  most  of  the  New  York 
specimens;  but  the  original  of  fig.  32  agrees  closely  with 
some  of  those  from  Ohio.  The  figures  are  not  espe- 
cially accurate  representations  of  the  types.  The  New 
York  specimens  are  rather  wider  in  proportion  to  their 
length  than  the  Ohio  ones;  but  one  from  Meadville,  Pa., 
so  identified  by  Hall,  is  almost  a  counterpart  in  size  and 
shape  of  some  of  the  Ohio  ones.  Hall,  in  his  original 
description,  mentioned  the  strongly  wrinkled  surface 
near  the  cardinal  lines  of  the  Meadville  specimens.  This 
variety  is  recorded  by  Schuchert  as  only  in  the  Chemung. 

9.  Strophalosia  hystricula  Hall  (rr) 

The  larger  one  of  the  two  specimens  agrees  rather  closely  in 


'Ibid.,  p.  178. 

2Pal.  N.  Y.,  Vol.  VIII,  pt.  I,  pi.  16,  fig.  2. 

3Loc.  cit.,  p.  315. 
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outline  and  strength  of  spines  with  the  original  of  fig. 
4,  pi.  26,  Vol.  IV,  Pal.  N.  Y.,  of  this  species,  which  is 
from  the  Chemung  of  Forrestville,  Chautauqua  Co.,  N. 
Y.  There  are  also  other  specimens  in  the  American  Mu- 
seum, from  the  Chemung,  near  Dexterville,  N.  Y.,  which 
are  similar  to  the  Ohio  specimens.  This  species,  ac- 
cording to  Schuchert,  is  restricted  to  the  Chemung. 

10.  Reticularia  praematura  (Hall)  Schuchert    (r) 

The  Ohio  specimens  were  compared  with  types  of  this  spe- 
cies, from  Meadville,  Pa.,  which  are  in  the  New  York 
State  Museum,  and  they  are  identical.  Smaller  speci- 
mens from  Brandywine  Creek  are  similar  to  the  original 
of  fig.  31,  pi.  33,  Vol.  IV,  Pal.  N.  Y.,  from  Meadville, 
Pa.,  which  is  associated  with  several  specimens  of  Spir- 
ifer  disjunctus  Sowb.,  on  the  same  block.  Professor 
Hall  gave  this  species  as  in  the  Chemung,  at  Meadville, 
Pa.,  and  among  specimens  from  Oil  Creek,  associated 
with  Spirifer  disjunctus.  Professor  Herrick  figured  it 
under  the  generic  name  of  Martinia,  from  the  Erie  shale, 
supposedly  of  Ohio  (Geol.  Surv.  Ohio,  Vol.  VII,  pi. 
23,  fig.  12),  and  the  species  was  also  reported  by  him 
at  an  earlier  date  from  these  shales,  under  the  generic 
name  of  Spirifer  (Am.  Geologist,  Vol.  Ill,  1889,  p.  95, 
f.n.).  A  figure  of  a  specimen  of  this  species,  from  the 
Chemung  formation  of  Allegany  Co.,  N.  Y.,  is  given  by 
Hall  and  Clarke,  in  Pal.  N.  Y.,  Vol.  VIII,  pt.  II,  1894, 
pi.  36,  fig.  23. 

11.  Camarotcechia  cf.  contracta  Hall (c) 

One  broken  specimen  has  radiating  lines  on  the  plications,  and 
has  somewhat  the  general  appearance  of  a  Liorhynchoid 
shell.  Professor  Whitfield  called  it  C.  contracta,  and 
said  that  specimens  preserved  in  shale  show  fine  radiat- 
ing lines.  The  specimens  of  this  species,  however,  in 
the  American  Museum,  do  not  show  these  fine  radiating 
lines. 

12.  Lingula  sp. (rr) 

13.  Schizodus  cf.  chemungensis  (Con.)  Hall (rr) 

The  Ohio  specimens  are  more  circular  in  outline,  and  the  um- 
bonal  slope  is  not  so  conspicuous  as  on  specimens  from 
Meadville,  Pa.,  identified  by  Dr.  Kindle  as  this  species, 
which  were  examined  at  Cornell  University. 

14.  Phthonia  sp. (rr) 

Posterior  part  of  shell,  which  has  interrupted  radiating  lines 
(striae)  like  those  of  P.  sectifrons  (Con.)  Hall. 

15.  Sphenotus  contractus  Hall . (rr) 

The  Ohio  specimens  agree  more  closely  with  the  figures  of 
this  species  than  specimens  from  the  Chemung  at  Cuba, 
N.  Y.,  which  were  so  identified  and  published  by  Pro- 
fessor Williams  (Bull.  U.  S.  Geol.  Survey  No.  41,  p.  64). 
The  range  of  this  species  is  given  by  Grabau  and  Shimer 
as  only  Chemung  of  New  York  and  Pennsylvania.1 

16.  Pal a3anatina  solenoides  Hall  (?) (rr) 

A  single  specimen,  which  looks  like  a  small  one  of  this  species. 


'North  Am.  Index  Fossils.  Vol.  I,  1909,  p.  526. 


l3(S  DEVONIAN  AND  MISSISSIPPIAN 

17.  Palseoneilo  sp. (rr) 

A  broken  and  imperfect  specimen. 

18.  (?)  Aviculopecten  sp (rr) 

A  broken  specimen. 

The  above  list  of  species  from  the  upper  part  of  the  Chagrin 
formation  in  Brandywine  Creek  supports  the  correlation  of  these  beds 
with  the  Chemung  formation  of  New  York,  and  furnishes  evidence 
for  such  correlation  in  addition  to  that  mentioned  in  connection  with 
the  fauna  of  Chippewa  Creek.  Professor  Williams  in  his  list  of  fifteen 
southern  diagnostic  Chemung  species  considers  the  form  a  distinct 
species  which  is  listed  in  the  Brandywine  Creek  fauna  as  the  variety 
stigmata  of  Productella  lachrymosa.  Productella  hirsuta  is  also  one  of 
this  diagnostic  list  of  which  the  variety  rectispina  is  found  at  Brandy- 
wine  Creek,  and  if  this  variety  is  considered  as  representing  the  species 
on  Professor  Williams'  list  then  five  of  the  fifteen  diagnostic  Chemung 
species  are  present  in  this  fauna,  viz.:  Spirifer  disjunctus,  Produc- 
tella lachrymosa,  P.  stigmata,  P.  hirsuta  and  Sphenotus  contractus. 
The  proportion  of  identical  species  is  still  greater  between  this  fauna 
and  Professor  Williams'  two  lists  of  twelve  dominant  Chemung  species 
for  western  New  York.  The  Brandywine  fauna  and  the  Chautauqua 
County  list  contain  five  identical  species,  viz.:  Spirifer  disjunctus, 
Athyris  polita,  Productella  lachrymosa,  Amboccelia  gregaria  and  Stro- 
phalosia  hystricula.*  The  Genesee  Valley  section  contains  three 
identical  species,  viz.:  Spirifer  disjunctus,  Productella  hirsuta,  and 
Sphenotus  contractus',  while  Ambocalia  umbonata  var.  gregaria  and  Cam- 
arotachia  cf.  contracta  of  Brandywine  Creek  are  certainly  very  closely 
related  to  A.  umbonata  and  C.  contracta  of  the  Genesee  valley  list.  The 
presence  of  one-third  of  the  list  of  southern  diagnostic  Chemung  spe- 
cies and  nearly  one-half  of  those  of  western  New  York  in  the  Brandy- 
wine  Creek  fauna  taken  in  connection  with  the  fact  that  nearly  all  the 
other  species  are  either  confined  to  this  formation  or  only  occur  infre- 
quently in  rocks  of  other  age  is  strong  evidence  for  the  correlation  of 
the  upper  Chagrin  with  the  New  York  Chemung. 

In  the  broader  valley  below  the  gorge  a  well  was  drilled,  a  partial 
record  of  which  was  furnished  the  writer  by  Mr.  0.  H.  McRoberts.  From 
the  mouth  downwards  it  passed  through  70  feet  of  blue  clay,  45  feet  of 
quicksand,  5  feet  of  coarse  gravel,  and  then  shale  of  different  kinds  to  a 
depth  of  800  feet.  It  was  also  reported  as  a  good  gas  well  for  that  sec- 
tion. The  mouth  of  this  well  was  below  the  top  of  the  Chagrin  formation, 
and  after  the  Quaternary  deposits  were  penetrated  the  remainder  of  it 
was  entirely  in  the  Chagrin  formation.  In  the  autumn  of  1906  another 
well  was  drilled  which  was  located  in  the  valley  above  the  fall  and  a 
few  rods  above  the  highway.  Mr.  McRoberts  has  also  kindly  given 
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the  writer  the  following  record  of  the  first  150  feet  of  this  well,  which  was 
drilled  during  his  presence:  "Earth  7  feet;  Berea  grit,  35  feet;  blue  or  gray 
shale  which  was  soft  and  would  cave  some,  with  water  in  hole,  50  feet; 
black  shale  15  feet  and  the  remaining  43  feet  blue  shale,  which  I  suppose 
you  call  Erie  shale."  In  the  above  record,  the  50  feet  of  blue  or  gray 
shale  represents  the  Bedford  formation,  with  practically  the  same  thick- 
ness as  obtained  by  leveling  in  the  gorge  section;  while  the  15  feet  of 
black  shale  represents  the  Cleveland. 

Mr.  McRoberts  also  sent  me  a  few  samples  of  the  drillings  from 
this  well  which  give  the  following  section: 

Well  Section  at  Brandywine  Falls. 

Thick- 
No.  Description   of  sample.  ness.          Depth. 

Feet.  Feet. 

1.  Berea  grit.     Sample  composed  almost  entirely  of 

rounded  grains  of  white  quartz  of  moderate  coarse- 
ness   . --  7-27  27 

2.  Sample  composed  almost  entirely  of  moderately  sized 

chips  of  rather  fine-grained  sandstone,  the  grains  of 
which  are  largely  fine  quartz  sand.  Looks  as  though 
it  might  come  from  a  somewhat  shaly  zone.  No 
effervescence 27-35  35 

3.  Sample  about  like  that  of  No.  1.     Composed  almost 

entirely  of  grains  of  rounded  white  quartz 35-38        38 

4.  Composed  almost  entirely  of  grains  of  rounded  quartz 

sand;  but  finer  than  those  of  Nos.  1  and  3.  It  is 
somewhat  calcareous,  so  that  there  is  at  first  a 
strong  effervescence  in  cold  HC1.  This  efferves- 
cence does  not  last  long,  however,  and  a  large  resi- 
due is  left  after  the  effervescence  ceases.  The  base 
of  this  zone  is  probably  the  base  of  the  Berea  grit, 
in  which  case  the  thickness  of  the  formation — 35 
feet — is  exactly  the  same  as  that  given  in  the  letter 
from  Mr.  McRoberts 38-42  42 

5.  Chagrin  formation.     Soft,    bluish,    argillaceuos   shale, 

with  white  streak.  Some  of  the  chips  are  of  con- 
siderable size,  while  part  of  the  material  is  very 
fine.  No  effervescence  in  cold  HC1.  Sample  la- 
beled as  from  a  depth  of  500  feet 500 

Above  Brandywine  Falls,  on  the  northern  side  of  the  creek,  the 
rocks  are  partly  covered  for  some  rods  until  in  the  pasture  an  outcrop 
of  a  stratum  of  buff,  as  weathered,  bluish-gray  on  fresh  fracture,  com- 
pact sandstone  11 J  inches  thick,  is  reached.  Below  the  sandstone 
partly  exposed  on  the  bank  are  soft,  bluish-gray,  argillaceous  shales. 

A  little  farther  up  the  stream,  and  above  the  railroad  bridge,  is  a 
cliff  on  the  northern  bank  some  60  feet  high.  Near  the  foot  of  the  cliff 
the  stratum  of  fine-grained,  bluish-gray  sandstone  is  shown;  which 
by  the  barometer  is  20  feet  higher  than  the  top  of  the  massive  Berea. 
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At  low  water  this  sandstone  is  well  shown  all  along  the  foot  of  the  cliff 
just  above  the  railroad  bridge;  and  on  this  bank  it  is  in  a  single  layer 
13J  inches  thick.  At  low  water,  on  the  deepest  part  of  the  bank,  fully 
4  feet  of  blackish  shale,  which  is  rather  argillaceous  and  soft,  is  shown 
beneath  the  sandstone.  This  shale  probably  represents  the  upper  part 
of  the  Sunbury  and  the  overlying  stratum  the  Aurora  sandstone.  The 
interval  between  this  sandstone  and  the  top  of  the  massive  Berea  is 
apparently  greater  than  at  most  localities;  but  it  is  not  certain  that  it 
is  as  great  as  indicated  by  the  barometer.  There  is  a  covered  interval 
of  5  feet  between  the  top  of  the  massive  Berea  grit  and  the  exposed 
Sunbury  shale  on  the  highway  to  the  south  of  the  falls,  a  part  or  all  of 
which  perhaps  belongs  in  the  Berea.  This  perhaps  leaves  only  some  15 
feet  of  shale  or  less  between  the  two  sandstones.  Succeeding  the  sand- 
stone is  a  high  bank  of  bluish-gray  to  blackish,  soft  argillaceous  shale  55 
feet  in  height,  which  belongs  in  the  Brecksville.  The  shale  is  mainly 
bluish-gray  in  color  and  the  entire  bank  is  composed  almost  completely 
of  soft  shale,  which  makes  a  smooth  sloping  bank  of  dark  color. 

There  are  not  infrequently  banks  of  the  soft  Brecksville  shale  as 
the  creek  is  followed  up  stream,  and  perhaps  one-half  mile  above  the 
first  bank  of  this  shale,  in  a  small  run  from  the  western  side,  is  apparently 
the  base  of  massive  buff  to  bluish-gray  sandstone.  This  ledge  of  sand- 
stone barometrically  is  115  feet  higher  than  the  top  of  the  Aurora  sand- 
stone at  the  lower  cliff  and  it  may  be  followed  along  the  bank  for  a  con- 
siderable distance. 

Still  farther  up  the  creek  the  western  bank  shows  the  transition 
from  the  Brecksville  shale  into  the  super jacent  sandstones.  From  the 
creek  level  up  there  are  15  feet  composed  mainly  of  shales  which  are  rather 
bluish  and  arenaceous  as  a  rule,  with  an  occasional  thin  sandstone, 
as  well  as  a  slightly  calcareous  layer  which  weathers  to  a  rusty  color 
and  resembles  lithologically  to  some  extent  the  calcareous  layers  in  the 
Chagrin  formation.  These  shales  are  succeeded  by  thin-bedded, 
bluish-gray  sandstones  which  alternate  with  thinner  layers  of  bluish 
shale,  and  this  zone  passes  above  into  thicker  bedded  and  more  massive 
sandstone.  The  rock,  however,  of  the  thin-bedded  sandstone  and  shale 
zone  is  mainly  sandstone  and  its  base  was  considered  as  defining  the  top 
of  the  Orangeville  formation.  The  upper  shales  of  the  Brecksville  are 
bluish-gray,  more  sandy,  and  consequently  tougher  than  the  middle 
and  lower  ones,  so  that  there  is  something  of  a  transition  from  it  into 
the  overlying  sandstones.  The  transition  is  rather  more  gradual  in  this 
section  than  in  some  of  the  others  studied;  but  the  writer  would  draw 
the  line  of  lithologic  division  where  the  sandstones  begin.  Some  of  the 
thin  flaggy  layers  in  the  lower  part  of  the  sandstone  contain  fossils,  of 
which  Productus  is  the  most  common,  but  species  of  Camarotcechia, 
Orbiculoidea  and  Pelecypods  occur.  The  apex  of  the  brachial  valves 
of  the  specimens  of  Orbiculoidea  from  the  lower  part  of  these  sandstones 
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is  more  eccentric  than  in  0.  herzeri  Hall  and  Clarke.  The  specimens  were 
compared  in  the  American  Museum  with  types  of  0.  newberryi  Hall 
from  Cuyahoga  Falls,  Ohio,  with  which  they  agree.  Fossils,  especially 
Productus,  also  occur  in  the  thin  sandstones  and  sandy  shales  of  the 
transitional  beds  and  this  fauna  allies  these  transitional  layers  with  the 
sandstone  rather  than  with  the  Orangeville  formation. 

The  sandstones  at  this  locality  apparently  correspond  stratigraphic- 
ally  and  resemble  to  a  considerable  extent  lithologically  the  Sharps- 
ville  sandstone,  which  succeeds  the  Orangeville  shale  on  the  Ohio- 
Pennsylvania  line,  with  which  terrane  the  writer  correlates  them. 
The  thickness  of  the  Sunbury  shale  and  Aurora  sandstone  is  apparently 
not  far  from  15  feet,  although  there  is  a  possibility  that  it  is  'as  great  as 
21  feet.  This  added  to  the  115  feet  of  Brecksville  shale  gives  a  probable 
thickness  for  the  Orangeville  formation  of  130  feet;  which  may,  however, 
be  as  great  as  136  feet. 

Some  distance  farther  up  the  creek,  and  by  the  barometer  10  feet 
above  the  base  of  the  Sharpsville  sandstone,  is  a  small  cascade  over  the 
thick  layers  in  the  lower  part  of  this  sandstone.  This  locality  is  not  far 
below  Little  York  on  the  A.  B.  C.  Division  of  the  Electric  Railroad. 
On  the  eastern  side  of  the  creek  at  this  locality  is  a  bank  of  about  15 
feet,  composed  of  bluish-gray  sandstone  alternating  with  some  bluish 
shale.  The  highest  outcrop  seen  on  the  creek  is  in  the  pasture  not  far 
above  the  electric  railroad  where  a  stratum  of  the  bluish-gray  sandstone 
occurs,  some  20  feet  higher  than  the  cascade.  The  greater  part  of  the 
Sharpsville  member  is  a  sandstone  rather  than  a  shale,  as  in  some  of  the 
other  localities  in  the  Cuyahoga  basin,  with  a  thickness  of  at  least  30  feet. 

Since  the  above  description  was  written  the  channel  of  Brandywine 
Creek  through  the  Sharpsville  sandstone  has  been  deepened  by  blasting. 
This  portion  of  the  section  was  re  examined  and  the  following  section 
of  the  Sharpsville  member  was  obtained: 

Section  of  Sharpsville  Sandstone  on  Brandywine  Creek. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

8.  Sharpsville  sandstone.  Bluish-gray  sand- 
stone, much  of  it  weathering  to  a  reddish 
or  brownish  color,  and  some  layers  are 
slightly  calcareous.  It  is  a  fairly  mas- 
sive sandstone,  with  shale  partings,  and 
is  fossiliferous,  probably  Productus  and 
Pelecypods  being  the  most  abundant. 
The  upper  part  of  this  zone  forms  the  top 
of  the  southern  bank  below  the  Electric 
Road  and  highway 8  10  34! 

7.  Thick  sandstone  layer,  which  varies  in 
thickness  from  1  foot  8  inches,  at  upper 
end  of  cliff,  to  2  feet  1  inch  _.  2=t  25 1 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Feet. 

6.     Rather  thin-bedded  sandstones,  alternating 

with  shales;  but  the  sandstones  predom- 
inating in  thickness.  Fossils,  as  Pro- 

ductus   and  Orbiculoidea   are  fairly 

common.     Base    of    marked    sandstone 

zone 7  8  23l 

5.  Thin,  bluish  sandstones,  alternating  with 

bluish,    arenaceous   shales,   which  have 

the  greater  thickness 10  8  16i 

4.  Second  thin,  bluish  sandstone,  which  varies 

in  thickness  from  t  of  an  inch  to  4  inches  __  3=*=  5| 

3.  Bluish,  slightly  arenaceous  shale 51  5j 

2.  Basal  sandstone  of  Royalton  formation; 

bluish  to  rusty  colored  as  weathered, 

which  varies  in  thickness  from  1  to  2 

inches  __  .2±  & 

1.  Brecksville  shale.  Soft,  argillaceous, 

bluish-black  to  black  shale  _ 


The  higher  sandstones  are  exposed  for  some  rods  along  the  stream 
above  the  highway  and  Electric  Road;  but  apparently  no  higher  layers 
stratigraphically  are  shown  than  occur  in  the  upper  part  of  the  cliff  a 
number  of  rods  below  the  bridges.  The  considerable  amount  of  sand- 
stone thrown  upon  the  bank  when  the  creek  channel  was  deepened,  as  well 
as  the  greater  thickness  of  rock  exposed  in  place,  afforded  an  excellent 
opportunity  for  searching  for  fossils  in  the  Sharpsville  sandstones  at 
this  locality.  A  number  of  species  was  obtained;  but  the  list  and  notes 
are  not  yet  ready  for  publication. 

The  upper  valley  of  the  Brandywine,  to  the  southeast  of  Little 
York,  is  low  and  marshy,  with  little  prospect  of  any  outcrops  of  Car- 
boniferous rocks.  On  the  hill,  however,  1J  miles  southeast  of  Little 
York,  at  only  a  short  distance  southeast  of  Town  Line  stop  on  the 
A.  B.  C.  Electric  Railroad,  is  an  outcrop  of  the  Sharon  conglomerate. 
It  is  located  to  the  southeast  of  the  stone  house  that  was  built  of 
rock  quarried  from  this  ledge.  The  rock  is  a  coarse-grained  sandstone 
and  conglomerate  which  contains  numerous  quartz  pebbles.  The  pebbles 
are  mostly  of  white  quartz,  but  there  are  some  of  rose  and  perhaps 
also  of  smoky  quartz.  The  largest  ones  are  the  size  of  hen's  eggs  and 
well  rounded;  but  not  lenticular  in  shape.  The  thickness  from  the  base 
to  the  top  of  the  exposed  Sharon  is  about  20  feet.  Springs  occur  at 
various  points  along  the  base  of  the  outcrop,  showing  the  importance  of 
the  Sharon  as  a  water-bearing  formation.  A  single  reading  of  the  barom- 
eter gave  an  interval  of  195  feet  from  the  base  of  the  outcrop  of  Sharon 
conglomerate  to  the  top  of  the  massive  Berea  grit  on  the  bank  at  Brandy- 
wine  Falls,  If  miles  to  the  west.  Prof.  George  F.  Lamb,  who  first  called 
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the  writer's  attention  to  this  outcrop  of  the  Sharon  conglomerate,  reported 
that  the  interval  from  the  base  of  the  Sharon  conglomerate  to  the  top  of 
the  outcrop  of  Sunbury  shale  at  the  old  mill,  had  been  leveled,  giving  a 
thickness  of  195|  feet.'  This  indicates  that  the  interval  from  the 
base  of  the  outcrop  of  Sharon  conglomerate  down  to  the  base  of  the 
outcrop  of  Sunbury  shale,  and  at  about  the  top  of  the  Berea  formation  is 
190  feet  by  the  barometer  and  201  feet  as  leveled.  Subtracting  the  131 
feet  of  the  Orangeville  formation  from  the  201  feet  of  this  interval 
leaves  only  70  feet  for  the  Royalton  formation,  which  is  probably  not 
enough,  since  the  topographic  map  indicates  that  the  interval  from  the 
base  of  the  Sharpsville  sandstone,  on  the  creek  below  Little  York, 
up  to  the  base  of  the  Sharon  outcrop,  is  between  80  and  90  feet  or  more. 
A  single  reading  of  the  barometer  gave  70  feet  for  the  covered  interval 
from  the  top  of  the  Sharpsville  sandstone  cliff,  on  Brandywine  Creek, 
below  the  bridges,  to  the  base  of  the  exposed  ledge  of  Sharon  conglomer- 
ate. This  indicates  a  thickness  of  nearly  105  feet  for  the  Royalton  for- 
mation at  this  locality. 

The  following  diagrammatic  section  will  show  the  general  thick- 
ness of  the  formations  on  Brandywine  Creek,  so  far  as  they  were  studied, 
with  the  continuation  to  the  top  of  the  Sharon  outcrop  on  the  hill  south- 
east of  the  Town  Line  stop: 

General  Section  from  Hill  near  Town  Line  Stop  down 
Brandywine  Creek. 
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'Letter  of  May  2,  1910. 
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Section  West  of  Boston  Mill* — Boston  or  Boston  Mill  is  a  small 
village  located  on  the  Cuyahoga  River  in  the  northwestern  part  of 
Boston  Township.  It  is  situated  about  4  miles  east  of  south  of  Chippewa 
Creek  near  Brecksville  Station,  and  about  1J  miles  north  of  Peninsula. 
A  stream  known  as  Granny's  Run  enters  the  river  from  the  west,  a  short 
distance  below  this  village,  which  gives  an  interesting  section  of  the 
formations  found  in  the  northwestern  part  of  this  township.  The 
following  section  was  measured  along  this  stream: 

Section  of  Granny's  Run. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

7.  Royalton  formation.  On  the  bank,  in  the  upper  part  of 
"the  Gulf",  are  ledges  of  buff  to  bluish,  fine-grained 
sandstones,  alternating  with  buff  to  bluish,  arena- 
ceous shales.  The  second  layer  above  the  base  as  ex- 
posed on  the  southern  bank  is  a  foot  thick.  On  the 
northern  bank,  probably  at  a  point  a  little  west  of  the 
township  line,  the  barometer  gave  45  feet  from  the 
lowest  outcrop  of  sandstone  to  the  highest.  There  is 
not,  however,  a  continuous  outcrop  up  the  steep  bank, 
since  more  or  less  of  the  rock  is  covered.  These  sand- 
stones are  believed  to  represent  the  western  continu- 
ation of  the  Sharpsville  sandstone  of  northwestern 
Pennsylvania.  Beneath  the  sandstones  is  apparently 
a  zone  of  gray  to  bluish,  arenaceous  shale,  the  thick- 
ness of  which  was  not  measured 45  301 

6.  Brecksville  shale.  Soft,  black  to  bluish-black  shale,  several 
banks  of  which  are  shown,  that  range  in  height  from  6 
to  nearly  25  feet.  The  barometer  gave  a  thickness  of 
75  feet  for  the  interval  from  the  lowest  outcrop  of  black 
shale  on  the  run,  up  to  the  lowest  sandstone 75  256 

5.     Covered  interval 40      181 

4.  Berea  grii.  Exposed  on  banks  and  in  bed  of  run,  forming 
a  fall  some  rods  below  the  highway  and  farm  house.  It 
is  composed  of  coarse  grains  of  quartz  sand,  and  is  mas- 
sive. From  the  base  of  the  Berea  in  the  fall,  to  the 
highest  outcrop  on  the  southern  bank,  is  16  feet  by 
level,  or  20  feet  by  barometer.  The  Berea  wa,s  for- 
merly quarried  to  some  extent  at  this  locality,  for 
either  the  canal  lock  or  dam  in  the  river  at  Boston  Mill.  16  141 

3.  Bedford  formation.  The  upper  part  of  the  formation  is 
well  shown  in  the  fall  below  the  Berea  grit.  This  part 
consists  of  thin-bedded,  fine-grained  sandstones,  alter- 
nating with  thin  zones  of  blue,  arenaceous  shale.  Some 
of  the  layers  of  sandstone  are  ripple-marked.  On  the 
southern  bank  of  the  run,  some  rods  below  the  fall,  is 
a  sandstone  zone,  the  top  of  which  is  7=*=  feet  below  the 
top  of  the  formation.  At  this  locality  the  following 
section  was  measured  in  the  streamlet  that  enters  the 
run  from  the  south : 
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• 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

Upper  zone  of  compact,  blue  sandstone,  4  feet  10 
inches.  Blue,  arenaceous  shales,  4  feet  2  inches, 
with  some  thin  sandstones.  Lower  zone  of  blue,  com- 
pact sandstone,  some  of  which  is  slightly  calcareous. 
Layers  in  upper  part  ripple-marked.  The  lower  layer 
is  13  to  14  inches  thick,  very  hard  and  compact,  with  a 
crystalline-like  texture.  Total  thickness  of  zone,  13  feet  4 
inches.  Below  the  sandstone  zone  the  formation  is  com- 
posed of  blue,  arenaceous  and  argillaceous  shales,  with 
an  occasional  thin  layer  of  sandstone,  some  of  which  are 
of  concretionary,  lenticular  structure.  The  barometer 
gave  a  thickness  of  40  feet  for  this  lower  interval 60  125 

2.  Cleveland  shale.  Composed  mainly  of  slaty,  even,  rather 
coarse  until  weathered,  layers  of  black  shale.  The 
lower  5  to  8  feet  is  rather  coarse  shale,  and  some  of  it  a 
little  sandy.  The  entire  formation  is  shown  on  the 
northern  bank  between  the  old  dam  and  fall.  On  this 
bank  the  line  of  contact  between  the  Cleveland  and 
Chagrin  is  sharp  and  clearly  marked.  By  leveling  up 
this  bank  a  thickness  of  15  feet  was  obtained  for  the 
Cleveland  shale 15  65 

1.  Chagrin  formation.  Composed  of  blue  shale,  with  some 
layers  of  sandstone,  the  thickest  ones  in  the  cliff  above 
the  brink  of  the  fall.  The  lowest  outcrop  noted  is  on 
the  southern  bank  above  lower  dam  or  spillway,  and 
not  much  higher  than  the  paper  mill  at  Boston  MilL  __  50+  50 

Probably  the  most  marked  feature  in  the  above  section  is  the 
thinness  of  the  Berea  grit,  which  is  apparently  not  much  greater  than  16 
feet;  while  the  same  formation  on  Slipper  Run,  near  Peninsula,  a  little 
more  than  a  mile  to  the  south,  has  a  thickness  of  about  45  feet.  The 
Cleveland  shale  is  also  rather  thin  in  this  region,  since  it  is  only  15  feet 
on  Granny's  Run  and  thins  to  less  than  7  feet  on  Slipper  Run. 

On  the  western  side  of  the  Cuyahoga  River,  not  far  above  Boston 
Mill,  is  a  high  and  conspicuous  bank  of  the  Chagrin  formation. 

Boston  Ledges*  • —  These  well  known  and  picturesque  ledges 
of  the  Sharon  conglomerate  in  Boston  Township,  which  adjoins  North- 
field  Township  on  the  south,  is  the  next  locality  studied  south  of  Brandy- 
wine  Creek  on  the  eastern  side  of  the  Cuyahoga  River.  A  high  cliff 
of  the  conglomerate  appears  here  composed  mainly  of  a  coarse  sand- 
stone to  grit,  containing  some  pebbles.  Near  the  base  of  the  cliff  there 
is  frequently  a  layer  of  coarse  conglomerate  of  some  thickness  in  which 
the  pebbles  are  large.  The  joints  parallel  to  the  face  of  the  cliff  facil- 
itate its  breaking  down,  and  there  are  numerous  large  blocks  on  the 
hill  slope  below  the  cliff  which  have  broken  off  from  it.  In  several  cases 
two  of  these  blocks  have  fallen  so  that  the  tops  rest  together,  while  the 
bases  are  detached,  forming  grottoes.  There  are  also  not  infrequent 
caves  formed  by  the  joints  where  they  are  roofed  over  by  the  upper  lay- 

11— G.  B.  15. 
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ers,  a  very  picturesque  locality,  which  is  readily  reached  by  the  A.  B. 
C.  Division  of  the  Electric  Railroad  from  either  Cleveland  or  Akron.  By 
barometer  about  55  feet  of  the  Sharon  conglomerate  is  shown,  33  feet 
of  which  may  be  seen  in  the  cliff  at  one  of  the  steep  faces.  This  is 
shown  in  the  following  section: 

Section  of  Boston  Ledges.  Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

3.    Mainly  coarse  sandstone  to  grit,  containing  some  pebbles  _     28        55 

2.     Coarse  conglomerate  at  base  of  steep  cliff 5        27 

1.  Partly  covered,  but  conglomerate  shown  to  spring.  The 
underlying  rocks  are  concealed,  so  that  the  base  of  the 
Sharon  conglomerate  was  not  determined  in  case  it  ex- 
tends to  a  lower  horizon 22  22 

The  above  ledges  were  first  studied  by  the  writer  in  1901,  after  which 
the  above  description  was  written.  They  were  again  visited  in  1907, 
when  it  was  found  that  the  Lake  Erie  and  Pittsburgh  Railroad  was  being 
built  through  the  front  of  the  ledge  and  that  its  beauty  had  nearly  been 
destroyed.  This  locality  will  no  longer  be  attractive  for  picnics  or 
excursions,  which  is  to  be  regretted  since  the  State  contains  only  too  few 
attractive  localities  for  such  outings.  As  stated  above,  the  upper  part 
of  the  conglomerate  is  mainly  a  grit  or  very  coarse-grained  sandstone 
containing  some  quartz  pebbles;  but  the  lower  portion  is  much  coarser. 
At  this  time  the  barometer  gave  50  feet  from  the  base  of  the  lowest  out- 
crop of  the  conglomerate  to  its  top  as  exposed  in  the  woods  above  the 
railroad. 

Boston  Run  Section* — The  Lake  Erie  and  Pittsburgh  Railroad 
crosses  a  branch  of  Boston  Run  only  a  short  distance  south  of  the  rail- 
road cut  through  the  Boston  ledges.  In  the  small  gully  near  where  the 
railroad  crosses  it  is  an  outcrop  of  blue  sandstone.  This  stratum  is  not 
far  below  the  base  of  the  Sharon  conglomerate,  for  the  barometer  with 
an  interval  of  nearly  two  hours  between  the  readings  gave  a  difference 
of  only  15  feet. 

Section  on  Boston  Run. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

8.    Covered  interval  of  15  feet  or  more  to  Sharon  conglom- 
erate       15+  136 

7.  Just  below  the  railroad  track  is  a  layer  of  blue,  fairly 
f  fine-grained  sandstone,  9  to  10  inches  thick.  Just  a  little 
lower  is  another  blue,  compact,  massive  sandstone,  10 
inches  or  so  in  thickness,  which  is  slightly  calcareous. 
Two  compact,  blue,  calcareous  sandstone  layers,  each 
about  10  inches  thick,  separated  by  arenaceous  shales, 
were' seen.  No  fossils  were  noted.  The  rocks  of  this 
zone  consist  largely  of  arenaceous  shales 20  121 
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Total 

Thick-  thick- 
No,  ness.     ress. 

Feet.     Feet. 

6.     Mainly  covered  interval  20      101 

5.  At  the  top,  an  arenaceous  layer  to  thin  sandstone,  2  inches 
thick,  with  blue  shale  below,  which  is  mainly  argilla- 
ceous. Partly  covered;  but  15  feet  below  the  thin 
sandstone  is  blue,  soft,  argillaceous  shale,  as  shown  in 
the  run 15  81 

4.    Mostly  covered  interval  45        66 

3.  Thin  layer  of  sandstone,  with  bluish-black  shale,  below 
which  it  is  very  argillaceous.  Partly  covered  inter- 
val   10  21 

2.  Bluish  sandstone  layer,  about  a  foot  thick,  splitting  up 
into  thin  layers.  A  little  lower  it  appears  as  a  pretty 
thick,  massive  sandstone 1  11 

1.  About  5  feet  below  the  sandstone,  3  feet  of  soft,  argillaceous 
shale  of  blackish  color  is  shown  on  the  branch,  and  5 
feet  lower,  on  Boston  Run,  is  black,  fissile  shale.  On 
this  run  the  lowest  bluish  sandstone  noted  on  the  branch 
makes  a  small  fall;  below  which  are  10  feet  of 
soft,  blackish  shales,  containing  an  occasional  very 
thin  sandstone  layer.  About  5  feet  of  soft  shales,  with 
thin  sandstone  layers,  are  shown  on  the  bank  of  Boston 
Run,  a  little  above  the  sandstone  10  10 

In  the  above  section  the  rocks  above  the  blue  sandstone  of  zone  No.  2 
apparently  belong  in  the  Royalton  formation,  while  the  bluish-black 
shale  below  is  in  the  Brecksville.  This  correlation  is  not  altogether 
satisfactory,  since  it  seems  to  leave  too  thin  an  interval  down  to  the  Cha- 
grin formation,  which  is  apparently  shown  on  the  bank  of  this  run  where 
it  is  crossed  by  the  highway  just  north  of  Peninsula.  The  intervening 
rocks,  however,  are  covered  by  glacial  and  alluvial  deposits  and  the 
writer  was  compelled  to  leave  the  section  in  this  rather  unsatisfactory 
condition. 

Rather  more  than  one  mile  south  of  the  Boston  ledges  are  the 
Ritchie  ledges  to  the  south  of  Boston  and  Haskell  runs.  The  base  of 
the  ledges  near  the  spring  is  barometrically  265  feet  higher  than  Peninsula 
station  or  the  outcrops  on  Boston  Run  at  the  river  highway  bridge.  The 
outcrops  of  the  Sharon  conglomerate  to  the  south  of  Haskell  Run  are 
known  as  the  Thompson  and  Ritchie  ledges,  and  form  a  steep  hill  as 
shown  on  the  topographic  map.  The  rock  is  generally  a  conglomerate; 
but  there  are  layers  in  which  the  pebbles  are  much  more  abundant 
than  throughout  the  mass  of  the  rock.  The  pebbles  are  mainly  white 
quartz,  although  there  is  an  occasional  one  of  rose  quartz.  The  faces  of 
some  of  the  cliffs  and  blocks  show  good  examples  of  differential  weather- 
ing, as  is  frequently  the  case  with  the  weathered  cliffs  of  the  Sharon 
conglomerate. 

Slipper   Rtm  Section* — This    stream    rises  on    the    high    ground 
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to  the  west  of  Peninsula  and  flowing  easterly  enters  the  Cuyahoga 
River  at  the  northern  edge  of  that  village.  The  highest  outcrops 
noted  occur  in  the  run  just  south  of  the  highway  and  house  of  Mr.  J.  B. 
Kennedy,  rather  more  than  two  miles  west  of  Peninsula.  The  following 
section  is  shown  along  this  run  from  the  locality  just  mentioned  in  de- 
scending it  to  the  river: 

Section  on  Slipper  Run. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

10.  Shales  and  thin  sandstones,  which  contain  poorly  pre- 
served fossils.  About  5  feet  below  the  top,  a  layer  of 
sandstone,  in  which  fossils  are  better,  although  still 
imperfectly  preserved,  comprising  Spirifer  and  two 
or  three  other  species.  Then  bluish  shales  and  thin- 
bedded  sandstones  are  shown  for  20  feet  or  more  down 

a  small  branch  of  the  run 25      398 

9.     Covered  interval,  with  frequent  beds  of  boulder  clay 105  +  373 

8.  Massive,  bluish,  rather  fine-grained  sandstone,  about  5 
feet  shown.  These  sandstones  are  probably  at  or  near 

the  base  of  the  Royalton  formation 5 —  268 

7.     Covered  interval  of  about  13  feet 13      263  + 

6.  Blackish,  argillaceous  shale  in  the  bed  and  on  the  bank  of 
the  run,  a  mile  or  so  above  the  Independent  quarry. 
Perhaps  a  little  more  than  2  feet  is  shown,  which  is 

probably  in  the  Brecksville  shale.     2      250£ 

5.  Covered  interval,  with  frequent  low  banks  of  boulder  clay.  105  248| 
4.  Berea  sandstone.  Top  of  massive  sandstone  in  quarry  of 
Independent  Stone  Co.,  on  road  west  of  Peninsula. 
The  top  of  this  quarry  is  covered  by  boulder  clay  and 
till,  and  the  top  of  the  massive  stone  in  it  is  about  5 
feet  higher  than  the  top  of  the  exposed  massive  stone 
on  the  northern  side  of  the  road.  On  the  southern  wall 
of  the  quarry,  32  feet  of  massive,  coarse-grained  rock 
was  measured.  One  of  the  quarrymen  said  that  in  one 
corner  of  the  quarry  they  have  gone  down  46  feet  in 
this  stone,  and  a  core  drilling  in  the  stream  valley 
above  the  quarry,  gave  the  same  thickness  for  the 
sandstone.  Just  below,  and  north  of  the  highway  cul- 
vert, is  an  outcrop  of  coarse-grained  quarry  stone 
similar  to  that  of  No.  16,  of  the  Peninsula  quarries,  7 
feet  of  which  is  exposed.  From  the  base  of  the  Berea 
as  shown  in  the  stream,  to  the  highest  exposure  in  the 
quarry,  one  barometer  gave  40  feet  and  the  other  45 
feet.  The  lower  portion  of  the  Berea  forms  a  cascade 
in  the  stream,  and  shows  the  following  zones  from  the 
base  up:  a  f-inch  sandstone  layer,  then  4  inches  of 
blue,  ripple-marked  shale,  covered  by  1  foot  of  heavy 
sandstone,  followed  by  8|  inches  of  arenaceous  shale, 
with  1|  feet  of  heavy  sandstone  above,  then  a  4-inch 
parting  of  shale  to  shaly  sandstone,  capped  by  a  stratum 
of  heavy  sandstone,  3  feet  9  inches  thick.  From  the 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

base  of  the  Berea  sandstone,  to  the  top  of  a  somewhat 
concretionary  layer  shown  on  the  northern  bank,  is  14 
feet  by  the  hand-level 45±  143£ 

3.  Bedford  formation.  Near  the  top  of  the  formation  is  a 
compact,  fine-grained,  blue  sandstone  layer,  contain- 
ing ripple-marks.  The  formation  is  composed  mainly 
of  bluish  shales,  with  thin  sandstone  or  calcareous  part- 
ings. The  lower  10  feet  or  so  of  the  Bedford  consists 
of  bluish  shale  zones,  from  3  inches  to  about  a  foot  in 
thickness,  separated  by  thin  layers  of  sandstone,  from 
one-half  to  one  inch  in  thickness.  The  thickness  as  lev- 
eled by  Mr.  Morse  is  42  feet,  and  45  feet  by  both  bar- 
ometers   42  98£ 

2.  Cleveland  shale.  The  base  of  the  shale  is  shown  on  the 
southern  bank  below  the  bridge,  where  the  lower  part 
has  a  bluish  color,  and  is  so  sandy  that  it  is  lithologi- 
cally  unlike  the  typical  Cleveland  shale,  and  splits  up 
into  rather  large,  coarse  and  rough  pieces.  Between  6 
and  7  feet  is  shown  on  this  lower  outcrop.  Above  the 
•  highway,  on  the  northern  bank,  the  entire  thickness  of 
the  shale  is  shown,  which  is  only  6  feet  8  inches,  and  on 
account  of  the  presence  of  arenaceous  material,  most 
of  it  is  rather  impure.  A  little  farther  up  the  stream 
the  shale  is  shown  on  both  sides  of  the  run,  resting  on 
the  Chagrin  formation.  On  the  northern  bank,  5  feet 
is  shown,  but  not  the  top.  This  shale  forms  the  bed 
of  the  run  for  several  rods,  and  its  upper  part  is  a  purer 
black,  fissile  shale  than  the  lower,  more  like  the  typ- 
ical Cleveland,  and  at  the  top  is  a  sharp  contact  with 
the  overlying  blue  Bedford  shale 6^+  56£ 

1.  Chagrin  formation.  It  consists  of  the  usual  bluish  shales, 
alternating  with  thin  layers  of  sandstone,  and  according 
to  the  barometer,  50  feet  is  exposed  to  the  river  level.  _  50  50 

Peninsula  Quarries. — Just  above  Peninsula,  near  the  center  of 
Boston  Township,  are  large  quarries  in  the  Berea  grit,  operated  by  the 
Cleveland  Stone  Company.  The  stone  was  formerly  extensively 
quarried  at  this  locality  and  in  the  mill  on  the  same  property  sawed  into 
paving  stone,  sills,  etc.,  while  it  was  also  cut  and  dressed  for  grindstones 
and  pulpstones;  but  in  later  years  the  quarries  have  not  been  so  actively 
worked.  The  stone  is  very  massive  as  shown  in  the  quarries,  with  the 
exception  of  the  upper  part  of  the  walls  in  the  southern  ones,  and  is 
cut  out  in  large  blocks  by  the  channelling  machine  and  then  sawed  or 
dressed  to  the  desired  size.  The  section  of  the  rocks  at  this  locality  is 
given  below,  which  begins  at  the  bottom  of  the  canal  and  extends  to  the 
top  of  the  southern  quarries: 
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Section  from  Canal  to  Top  of  Cleveland  Stone  Company  Quarry  No.  16, 

at  Peninsula. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

11.    Till  and  soil  to  top  of  bank;  upper  portion 

gravelly  and  sandy,  lower  part  blue  clay.     11=*=     __  119 

10.  Berea  formation.  Quartzose  s  a  n  d  s  t  o  ne, 
with  grains  like  Berea,,  but  finer  than 
those  of  zone  No.  8;  bluish-gray  in  color, 

with  numerous  grains  of  marcasite 1          8  108 — 

9.  Mainly  bluish,  argillaceous  shale;  some  of 
it  is  a  little  sandy,  containing  some  fine 
quartz  grains  and  a  little  is  rather  black- 
ish in  color  3  ._  106i 

8.     Coarse-grained  sandstone,  like  the  Berea.  _  _     _  _          9  103? 

7.    Mainly  arenaceous  shale 1          7  102£ 

6.    Coarse-grained,  bluish-gray  sandstone  like 

the  Berea ..          4|  101— 

5.    Arenaceous,  grayish  shale 1          5 

4.  Top  of  massive  stone  in  quarry.  The  upper 
part  of  the  highest  course  contains  nod- 
ules of  iron  pyrites  or  marcasite,  similar 
to  what  is  usually  found  in  the  upper  sur- 
face of  the  Berea  grit.  There  are  also  a 
few  white  quartz  pebbles  near  the  top. 
The  greater  part  of  the  quarry  stone  is 
very  coarse-grained,  and  bluish-gray  in 
color;  in  this  respect  quite  like  the  Cus- 
sewago  sandstone  of  western  Pennsylvan- 
ia, only  more  compact.  In  this  quarry, 
five  courses  are  worked,  with  the  follow- 
ing thicknesses  counting  from  the  top 
downward:  Course  No.  5,  8  feet  2  inches; 
Course  No.  4,  7  feet  3  inches;  Course 
No.  3,  8  feet;  Course  No.  2,  7  feet  8 
inches,  and  Course  No.  1,  which  is  the 
lowest  one  worked,  and  apparently  ex- 
tends nearly,  or  quite,  to  the  base  of  the 
sandstone,  8  feet,  making  a  total  thick- 
ness of  39  feet  1  inch  by  tape  measure 
for  the  stone  that  is  quarried.  All  of 
the  quarry  stone  is  coarse-grained, 
noticeably  more  so  than  in  the  quarries 
at  Berea.  In  an  older  part  of  the  quarry 
farther  to  the  north,  five  courses  were 
also  shown,  with  the  following  thick- 
nesses from  the  top  down:  Course  No. 
5,  8  feet;  Course  No.  4,  7  feet;  Course  No. 
3,  7  feet  6  inches;  Course  No.  2,  6  feet, 
and  Course  No.  1,  which  was  not  worked 
and  is  partly  covered,  8  feet  3  inches  to 
the  base  of  the  Berea  grit.  This  sec- 
tion gave  a  total  thickness  for  the  mas- 
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Thickness.  Total 

No  thickness. 

Ft.        In.  Feet 

sive  portion  of  the  Berea  grit  of  36£  feet, 

the  upper  28?  feet  of  which  was  quarried.    39          1  99  + 

3.    Bedford  formation.    In  the  gully,  just  below 

the  blacksmith  shop,  about  5  feet  of  blue 

shale,  with  thin  layers  of  bluish  sand- 
stone is  shown.  The  top  of  this  zone  ex- 
tends nearly  or  quite  to  the  base  of  the 

Berea  grit.    From  its  top,  as  shown  in 

the   gully,   to  the  top  of  the  massive 

quarry  stone,  is  40  feet  by  the  barom- 
eter, while  the  face  of  the  quarry  wall 

gave  39+ feet  by  tape  line 5±     _.  60 

2.    The  slope  of  the  bank  below  is  mostly  cov- 
ered.   If  the  thickness  of  the  Bedford 

remains  the  same   as  in  Slipper  Run, 

about  one-half  mile  to  the  north,  where 

it  is  42  feet,  then  it  is  about  37  feet  from 

the  base  of    zone  3  to    the    base  of  the 

Bedford  formation  37        __  55 

1.     On  the  bottom  of  the  canal,  at  the  base  of 

the   slope,   56  feet  below  the  base   of 
.   the  Berea,   bluish  shale  was  shown  in 

1901.    This  is  apparently  some  14  feet 

below  the  base  of  the  Bedford  formation, 

and  in  the  Chagrin  formation.    Again, 

on  the  eastern  bank  of  the  Cuyahoga 

River,  a  little  below  the  railroad  bridge, 

and  about  opposite  the  southern  end  of 

quarry  No.  16,  is  an  outcrop  of  bluish 

shales  and  sandstones.    This  outcrop  is 

50  feet  below  the  top  of  the  Bedford  at 

the  blacksmith  shop,  and  therefore  ap- 
parently in  the  Chagrin  formation. 

About  10  feet  is  shown  on  the  river  bank. 

Near  the  base  of  the  zone  is  a  7-inch  sand- 
stone, and  2  or  3  feet  higher  is  another 

one,  a  foot  in  thickness.    The  Cleveland 

shale,  between  the  Bedford  and  Chagrin 

formations,   which  in  the  Slipper  Run 

section  is  only    6|  feet  thick,  was  not 

seen,  and  probably  it  is  in  the  above 

noted    covered    zone.    This    seems    to 

show  that  there  is  about  18  feet  of  the 

Cleveland  shale  and  Chagrin  formation 

down  to  the  level  of  the  Cuyahoga  River, 

approximately  the  upper  8  feet  of  which 

is  covered   18=*=     __  18 

In  the  above  section  the  Berea  formation  extends  from  the  base 
of  No.  4  apparently  to  the  top  of  No.  10.  This  zone  is  covered  by  till 
and  if  the  rocks  directly  succeeding  No.  10  were  shown  perhaps  the  top 
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of  the  formation  might  be  carried  a  little  higher.  The  thickness  of 
about  48  feet,  however,  agrees  closely  with  that  of  the  45  or  46  feet 
obtained  for  this  formation  in  Slipper  Run  and  the  Independent  Stone 
Company  quarry  about  one-half  mile  to  the  north.  A  view  of  quarry 
No.  16  of  the  above  section  is  shown  in  Plate  XII,  B,  in  which  Mr. 
Morse  stands  opposite  course  No.  3. 

Sections  North  of  Everett* — About  one  mile  north  of  Everett, 
or  one  and  one-fourth  miles  southwest  of  the  Peninsula  quarry  No.  16, 
a  stream  crosses  the  railroad  track  at  the  first  highway  crossing  of  the 
railroad  to  the  south  of  Peninsula.  The  hill  here  runs  up  steeply  from 
the  river  valley  for  more  than  200  feet,  and  this  small  stream  has  in  general 
cut  through  the  soil  and  till  to  the  bed  rocks,  which  are  well  exposed 
along  a  considerable  portion  of  its  course. 

Section  Along  the  Stream  One  Mile  North  of  Everett. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Feet. 

15.  Royalton  formation.  Blue,  argillaceous 
shale,  with  numerous  thin  to  concre- 
tionary layers  of  compact,  bluish  lime- 
stone, £  to  1  inch  in  thickness, 
which  weather  to  a  rusty  color  on  the 
surface  and  project  from  the  shale  banks. 
The  top  of  these  shales  is  found  at 
about  the  head  of  the  gully 9  .„  16H 

14.  Two  layers  of  compact  limestone,  each  about 
•f  of  an  inch  in  thickness,  separated  by 
blue  shale __  3  152^ 

13.    Blue  shale. ..          9  152 J 

12.  Blue  shale,  alternating  with  thin  sandstone 
at  the  top  of  this  zone.  The  sandstone 
of  the  middle  portion  is  thicker  than 
that  of  the  upper  and  lower  parts  of  the 
zone,  and  is  rather  massive.  The  bafeal 
portion  of  the  zone  consists  of  thin,  blue 
sandstones,  which  weather  to  a  buff 
color,  some  of  the  layers  6  inches  thick, 
alternating  with  bluish  shales.  The 
zone  is  mainly  a  sandstone  one 18  __  15H 

11.  Arenaceous  shale  to  thin  sandstone,  mark- 
ing the  base  of  the  Royalton  formation..  2  __  133| 

10.  Brecksville  shale.  Blackish,  soft,  argilla- 
ceous shales  to  the  base  of  the  over- 
lying arenaceous  deposits.  The  lower 
part  of  the  zone  composed  of  soft,  black, 

argillaceous  shale  90        __ 

9.  Aurora  member.  Small  fall  in  run,  formed 
by  a  blue,  rather  fine-grained  sandstone, 
which  on  weathering  tends  to  split  up 
into  thin  layers  1  6 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

8.  Blackish^  soft,  argillaceous  shale.  On  one 
bank,  3  feet  4  inches  in  thickness,  and  on 
another,  3  feet  8  inches 36  40 

7.  Thin  sandstone  layer,  1  inch  thick,  blue  and 

fine-grained __  1  36| — 

6.  Sunbury  shale.  Blackish  shale,  with  a 
sandy  parting  5  feet  4  inches  above  the 
base.  The  lower  portion  of  the  member 
is  a  clear  black  shale,  containing  numer- 
ous specimens  of  Lingula  melie  Hall. 
Orbiculoidea  herzeri  Hall  and  Clarke  also 
occurs,  and  a  fragment  of  a  Conularia 
was  found.  The  shale  in  general  is 
strongly  bituminous  and  fissile,  splitting 
into  thin  pieces  11  3  36$ 

5.  Berea  formation.  Blue,  rather  fine-grained 
sandstone,  which  splits  into  somewhat 
thin  layers,  the  upper  portion  full  of 
marcasite 2  __  25  + 

4.     Bluish,  argillaceous  shale __          9  23  + 

3.     Thin-bedded,  bluish  sandstone 2          3  22 £ 

2.  Coarse-grained,  massive,  blue  layer  of  sand- 
stone  .. 1  7  20  + 

1.  Rather  thin-bedded,  bluish-gray  sandstone, 
alternating  with  blue,  arenaceous  shales. 
Numerous  layers  are  ripple-marked  and 
others  contorted,  similar  to  concretion- 
ary layers.  Below  the  base  of  this  sand- 
stone zone  is  a  covered  interval  of  about 
25  feet,  when  an  outcrop  of  the  Bedford 
bluish,  argillaceous  shale  is  reached,  not 
far  above  the  railroad  track 18  6  18£ 

In  this  gully  only  25  feet  of  the  Berea  formation  is  shown;  but  it  is 
probable  that  the  base  of  the  formation  occurs  lower  in  the  covered 
interval.  The  sandstones  are  decidedly  finer  grained  than  those  in 
the  quarries  a  mile  and  a  quarter  to  the  northeast  and  the  layers  are  not 
thick  and  massive;  but  on  the  contrary  there  is  much  arenaceous  shale. 
The  blue,  fine-grained  sandstone  at  the  top  of  the  Berea  and  the  super- 
jacent  black,  fossiliferous  Sunbury  shale  show  conclusively  that  the  arena- 
ceous shales  and  thin  sandstones  overlying  the  massive  quarry  stone  in 
quarry  No.  16  belong  in  the  upper  part  of  the  Berea  formation.  The  rapid 
change  in  texture  from  the  massive  layers  in  quarry  No.  16  to  the  much 
thinner  and  even  shaly  layers  and  shales  in  this  gully  is  also  to  be  noted. ^ 
In  this  section  the  entire  Orangeville  formation  is  shown,  from  No.  6 
to  10  inclusive,  with  a  thickness  of  106J  feet,  or  as  given  by  the  barom- 
eter of  110  feet.  This  is  overlain  by  the  Royalton  formation,  the  lower 
30  feet  of  which  is  shown,  and  the  lower  sandstones  probably  represent 
the  westward  extension  of  the  Sharpsville  sandstones  from  Pennsylvania. 
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About  one-fourth  of  a  mile  south  of  the  stream  just  described  is  a 
steep  bank  on  the  western  side  of  the  railroad  in  which  the  basal  deposits 
of  the  Berea  formation  are  well  shown  together  with  the  upper  20  feet 
of  the  Bedford.  This  portion  of  the  Bedford  is  composed  principally 
of  shales;  but  there  are  also  some  layers  of  thin  sandstone. 

Furnace  Run  and  Branches* — Richfield  Township  lies  directly 
west  of  Boston  and  south  of  Brecksville  townships.  Dr.  Newberry 
reported  that  in  the  upper  part  of  the  Cuyahoga  shale  "at  Richfield, 
Summit  County,  immense  numbers  of  fossils  are  found. "»  The  above 
reference  was  not  very  definite;  but  some  of  the  residents  stated  that 
the  collectors  obtained  most  of  their  fossils  from  Furnace  Run.  One 
of  the  principal  places  mentioned  on  the  run  is  near  the  iron  bridge 
about  four  miles  west  of  Peninsula.  This  locality  according  to  the 
barometer,  appears  to  be  about  60  feet  above  the  top  of  the  Berea  grit. 
About  100  yards  below  the  bridge  are  exposures  of  blue,  argillaceous 
shales,  which  break  up  into  very  small  pieces  as  they  weather.  This  did 
not  appear  to  be  fossiliferous  to  any  extent  and  resembles  the  Brecks- 
ville shale.  Nearer  the  bridge  are  numerous  blocks  of  somewhat  cal- 
careous rock,  loose  in  the  brook,  which  contain  a  good  many  fossils. 
Some  of  these  are  of  concretionary  structure  and  are  evidently  washed 
out  of  the  higher  shales  and  brought  down  by  the  stream.  The  eastern 
edge  of  the  Sharon  conglomerate  on  the  Newberry  "Geological  Map 
of  the  State  of  Ohio"  of  1879  was  represented  as  passing  through  Rich- 
field; but  it  was  not  seen  until  in  a  small  stream  one-half  mile  west  of 
West  Richfield.  This  outcrop  according  to  a  single  reading  of  the 
barometer  is  some  250  feet  higher  than  the  top  of  the  Berea  grit  and 
ledges  of  the  Sharon  conglomerate  also  occur  to  the  west  of  West  Rich- 
field. 

On  the  southern  line  of  Richfield  Township  at  a  three  corners 
two  and  one-fourth  miles  west  of  Everett  is  a  country  church.  The 
hills  to  the  west  of  Furnace  Run  in  this  region  are  steep.  The  church 
just  mentioned  is  about  one  and  one-half  miles  west  of  the  run  and  the 
difference  in  altitude  is  between  410  and  425  feet  according  to  the 
barometer,  or  about  420  feet  by  the  topographic  sheet.  To  the  north 
and  south  of  the  town  line  road  running  eastward  from  the  church  are 
streams  tributary  to  Furnace  Run,  some  of  which  have  cut  rather  deep 
gullies.  The  older  rocks,  however,  along  this  steep  road,  and  to  a  con- 
siderable extent  in  the  gullies,  are  concealed  by  drift  and  clay  deposits. 

A  gully  beginning  about  one-fourth  of  a  mile  north  of  the  church 
was  followed  well  down  toward  Furnace  Run.  The  older  rocks  are  shown 
but  infrequently  in  it,  the  banks  being  composed  largely  of  soil  and  blue 
boulder  clay.  The  section  of  this  gully  is  about  as  follows: 
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Section  of  Gully  North  of  Town  Line  Road  and  Church. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

8.  Covered  interval  from  the  church  down  to  the  first  out- 
crop of  Paleozoic  rocks 140  300 

7.     Thin-bedded  sandstones;   thickness  not   given,   probably 

less  than  a  foot   1—160 

6.     Covered  interval 14      159 

5.  Thin-bedded,  blue  sandstone,  alternating  with  bluish 
shales.  An  exposure  of  about  3  feet.  At  the  top  is  a 
calcareous  layer,  4  to  5  inches  in  thickness, 
which  weathers  to  a  very  rusty  color,  and  is  fossilifer- 
ous.  It  contains  numerous  crinoid  Segments,  Spirifer, 
Camarotcechia,  Spirophyton,  and  probably  other 
fossils.  A  little  lower  is  another  calcareous  layer, 
with  partings  nearly  a  foot  in  thickness,  which  contains 
numerous  crinoid  segments,  Spirifer,  Grammysia  and 
other  Pfelecypods 3=»=  145 

4.    Covered  interval 22      142 

3.  A  slightly  calcareous  layer,  which  weathers  to  a  rusty 
color,  2  inches  in  thickness.  Bluish  shales  below 
which  are  thin,  lenticular,  calcareous  layers,  weath- 
ering to  a  rusty  color.  Some  of  the  lower  portion 
of  this  zone  is  covered;  but  it  was  not  noted  how  much.  20  120 

2.  Bluish,  calcareous  layer,  8  inches  thick,  with  Spirophyton 
markings.  About  2  feet  of  bluish  shales  are  shown  below 
the  calcareous  layer,  which  are  the  lowest  Paleozoic 
rocks  seen  in  the  gully.  Low  banks  of  blue  boulder 
clay  begin  shortly  below  the  shales 3  100 

1.  Banks  of  soil  and  boulder  clay,  which  extend  down  the 

gully  as  far  as  it  was  followed 97  97 

The  Paleozoic  rocks  shown  in  this  gully  apparently  all  belong  in 
the  Royalton  formation.  This  conclusion  is  supported  by  the  fact  that 
in  the  first  gully  south  of  the  town  line  road,  some  three-fourths  of  a 
mile  farther  south, the  contact  of  the  Royalton  and  Orangeville  formations 
occurs  some  75  feet  lower  than  the  lowest  shales  noted  in  this  gully 
as  may  be  seen  on  comparing  the  two  sections  with  reference  to  the 
difference  in  altitude  below  the  church.  At  his  house,  just  below  the 
church  and  three  corners,  Mr.  Underwood  reported  the  section  of  a  well 
which  was  drilled  for  65  feet  in  blue  clay  and  then  7  feet  deeper  in  shales 
and  sandstones. 

A  run  heads  not  far  south  of  Mr.  Underwood's  house  on  the  south- 
ern side  of  the  town  line  road,  and  runs  eastward  nearly  parallel  with  the 
road  near  the  northern  line  of  Bath  Township  until  it  enters  a  larger 
stream  tributary  to  Furnace  Run.  This  run  has  a  rapid  descent,  and  for 
part  of  its  course  has  cut  a  rather  deep  gully  in  which  the  Paleozoic 
rocks  are  much  better  shown  than  in  the  gully  to  the  north  of  the  road. 
The  section  of  this  run  is  about  as  follows: 
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Section  of  Gully  South  of  Town  Line  Road. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Feet. 

16.     Covered   interval  from  the  church  down  to 

the  first  Paleozoic  rocks 115        __  413 

15.  Royalton  formation.  Thin,  blue  sandstones 
in  run  below  Mr.  Underwood's  house. 
Lower,  are  buff,  calcarous  layers,  con- 
taining Spirophyton.  Part  of  the  inter- 
val is  covered 30  __  298 

14.  Fairly  heavy  layers  of  sandstone,  weather- 
ing to  a  rusty  color,  which  alternate  with 
bluish  shale.  Partly  covered 15  __  268 

13.  Rusty  sandstone  of  some  thickness,  some  of 
which  shows  ripple-marks,  with  blue  shale 
below.  Partly  covered.  Lower  part 
of  zone  consists  of  bluish,  arenaceous 
and  argillaceous  shales  40  __  253 

12.  Layer  of  blue  sandstone,  weathering  to  a 
rusty  color,  9  inches  in  thickness. 
Below  are  bluish,  arenaceous  and  argil- 
laceous shales,  with  thin,  calcareous 
layers.  Loose  in  the  stream  is  a  layer 

with  cone-in-cone.     Partly  covered 35        __  213 

11.  Layer  of  bluish  sandstone,  10  inches  thick. 
Below  this  one  are  layers  of  sandstone, 

alternating  with  blue  shale 8        __  178 

10.     Soft,  argillaceous,  bluish-black  shales,  with 

rusty,  concretionary  layers  29        __  170 

9.  Bluish  to  buff,  as  weathered,  compact  sand- 
stone   ..  9  141  + 

8.    Blue  shale __          7  140$ 

7.    Massive,  compact,  blue  to  buff  sandstone.  __      2        __  139| 

6.  Bluish,  arenaceous  shales,  alternating  with 
thin  layers  of  sandstone  to  brink  of 
small  cascade 2  9  137f 

5.  Brecksville  shale.  Soft,  bluish  to  blackish, 
argillaceous  shales,  weathering  to  a 
rusty  color  as  shown  at  the  cascade  and 
on  the  south  bank  for  a  few  rods  below 
the  fall  15  ._  135  . 

4.     Covered  interval  25        __  120 

3.  Blackish  to  bluish-black,  argillaceous  shale, 
which  is  the  lowest  outcrop  of  Paleozoic 
rocks  seen  on  this  stream 5  __  95 

2.     Covered  by  soil  and  boulder  clay  to  bridge 

on  east  and  west  road  over  run 30        __  90 

1.     Covered  to  level  of  Furnace  Run 60  60 

In  the  above  section  the  writer  does  not  remember  whether  zone  3 
is  exposed  on  the  run  parallel  to  the  highway  or  whether  it  occurs  on 
the  larger  one  of  which  the  former  is  a  tributary. 
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The  writer  considers  the  zone  of  arenaceous  shales  and  sandstones — 
No.  6  of  section — forming  the  cascade  in  the  small  run  as  the  basal  one 
of  the  Royalton  formation  below  which  are  the  soft  argillaceous,  black- 
ish to  bluish-black  Brecksville  shales.  This  horizon,  which  is  taken  for 
the  contact  of  the  Orangeville  and  Royalton  formations,  is  considered 
the  same  as  the  one  to  be  described  on  Yellow  Creek,  three  miles  to  the 
south.  Overlying  the  Brecksville  shale  is  fairly  well  exposed  163 
feet  of  rocks,  composed  principally  of  bluish  shales  and  thin  blue  sand- 
stones alternating  with  bluish  argillaceous  and  arenaceous  shales,  all  of 
which  is  referred  to  the  Royalton  formation.  The  sections  in  the  streams 
near  Peninsula  and  on  these  tributaries  of  Furnace  Run  show  that  above 
the  Brecksville  shale  is  a  thin  sandstone  zone  which  probably  is  the 
thinned  western  extension  of  the  Sharpsville  sandstone  of  western 
Pennsylvania.  Then  in  ascending  order  for  a  considerable  thickness 
there  are  bluish  shales  with  thin  layers  of  sandstone  and  also  compact, 
thin  impure  layers  of  limestone.  Still  higher,  perhaps,  sandstone  layers 
occur  more  frequently. 

A  broken  down  ledge  of  Sharon  conglomerate  occurs  on  the  town- 
ship line  road  one  and  three-fourths  miles  west  of  the  above  mentioned 
church.  This  locality  is  on  the  hill  to  the  west  of  L.  E.  Andrews'  house 
and  is  20  feet  or  more,  according  to  the  barometer,  lower  than  the 
church  to  the  east.  To  the  west  of  North  Fork  and  two  and  one-fourth 
miles  west  of  the  church,  the  Sharon  conglomerate  makes  a  hill  of  some 
elevation  at  a  three  corners,  since  it  rises  rapidly  for  125  feet  or  so  from 
the  elevation  at  the  corners.  This  locality  is  nearly  a  mile  east  of 
Osborn  Corners  and  the  ledge  is  apparently  a  continuation  of  the  well 
known  Hinckley  ledges  two  miles  or  more  to  the  northwest  in  Hinckley 
Township.. 

Yellow  Creek  Sections*  —  Yellow  Creek  crosses  Bath  Township 
from  west  to  east  and  enters  the  Cuyahoga  River  in  the  western  part  of 
Northampton  Township  near  Botzum.  These  townships  are  directly 
south  of  Richfield  and  Boston  townships,  and  the  mouth  of  the  creek  is 
about  5  miles  west  of  south  of  the  quarries  in  the  Berea  grit  near  Peninsula. 
The  general  course  of  the  stream  is  about  parallel  with  that  of  Chippewa 
Creek,  only  it  is  some  12  miles  farther  south. 

On  the  lower  course  of  the  stream  are  rather  high  banks  which  are 
composed  of  till  and  other  glacial  deposits.  In  the  bed  of  the  creek, 
however,  just  above  the  highway  bridge  at  "the  Pineries"  is  an  outcrop 
of  bluish-gray  to  bluish-black,  soft  argillaceous  shale,  which  makes  a 
small  fall.  This  locality  is  about  one  and  one-half  miles  from  Botzum, 
and  the  lowest  outcrops  of  the  shale  are  between  50  and  55  feet  higher 
than  the  railroad  at  that  station.  This  shale  continues  up  the  creek 
for  a  few  rods  when  a  higher  fall  over  layers  of  sandstone  is  reached. 
For  about  three  feet  below  the  base  of  the  lowest  thick  sandstone  the 
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blue  shale  alternates  with  thin  blue  sandstones  from  1  to  2  inches  in 
thickness.  At  the  brink  of  the  fall,  and  a  little  above,  is  a  sandstone 
zone  with  some  shale  partings  apparently  over  2  feet  in  thickness; 
while  a  little  farther  up  the  creek  2  feet  or  more  of  blue  fine-grained 
sandstone  shows  in  its  bed.  As  will  be  stated  again,  it  appears  to  the 
writer  that  this  sandstone  zone  is  at  the  base  of  the  Sharpsville  sandstone, 
and  that  the  fine,  soft  shales  below  are  at  the  top  of  the  Orangeville 
formation. 

A  little  farther  up  the  creek  than  the  fall  are  rather  high  banks  of 
bluish,  arenaceous  shales  alternating  with  bluish  thin-bedded  laminated 
sandstone.  The  lower  part  of  the  first  bluff  on  the  southern  side  is 
covered,  but  well  toward  the  top  are  apparently  rather  heavy  sandstones. 
In  the  continuation  of  this  bluff,  which  is  apparently  some  100  feet  in 
height,  the  rocks  of  its  lower  portion  are  shown  at  the  upper  end  of  the 
gorge,  where  the  stream  bends  sharply  to  the  north,  while  a  gully  higher 
up  the  bank,  which  will  be  described  later,  enables  one  to  study  at  close 
hand  the  upper  rocks.  The  outcrops  on  Yellow  Creek  continue  for  a  half 
mile  or  farther  above  the  gorge  where  the  last  ones  seen  are  blue  shales 
and  thin-bedded  bluish  sandstones,  45  feet  higher  than  the  lowest  out- 
crops of  shale.  The  creek  was  followed  to  the  Bent  Work  Mill  below 
Mr.  E.  E.  Daniels',  two  and  one-half  miles  above  Botzum;  but  on  the 
stream  for  a  mile  or  so  below  the  mill  only  banks  of  boulder  clay  and 
sandy  deposits  were  seen. 

The  gully  mentioned  above  in  the  cliff  at  the  upper  end  of  the 
gorge  was  examined,  but  the  steep  part  of  the  bank  below  the  fall  was 
not  reached  for  careful  study.  A  section  from  the  lowest  outcrops 
on  Yellow  Creek  to  those  one-half  mile  above  its  gorge  and  then  up  this 
gully  has  been  constructed. 

Section  on  Yellow  Creek  and  Gully  at  Upper  End  of  Gorge. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

10.  Buff  to  bluish,  fairly  thick-bedded  sand- 
stones near  head  of  gully.  These  sand- 
stones are  separated  by  rather  coarse, 
bluish  to  grayish  shales,  which  alternate 
with  them.  Fossils  are  rather  infre- 
quent in  this  zone 20  _.  175 

9.  Upper  limestone.  Massive,  very  hard  layer 
9  inches  in  thickness,  which  is  a  blue, 
somewhat  fossiliferous,  impure  limestone, 
that  weathers  to ,  a  very  rusty  color 
and  resembles  the  upper  one  described, 
near  North  Royalton __  9  155+ 

8.    Rather  coarse,  arenaceous  shales 2         7          154         4 

7.  Layer  of  impure  limestone,  about  9  inches 
thick,  but  perhaps  not  quite  so  calca- 
reous as  upper  one --  9  151  9 
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Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft          In. 

6.  Rather  coarse,  bluish  to  bluish-gray,  argil- 
laceous and  arenaceous  shales,  with  an 
occasional  thin,  blue  sandstone.  There 
are  also  somewhat  calcareous  layers  of 
concretionary  structure,  which  weather 
to  a  rusty  color,  with  lithology 
similar  to  the  impure  limestones  above. 
Sandstone  layers  not  much  below  the 
impure  limestone  contain  numerous  spec- 
imens of  at  least  a  few  species.  Nearly 
all  of  this  zone  is  exposed  and  consists 
of  the  blue  shale,  alternating  with  thin 
sandstone  layers  46  8  151 

5.  Lower  limestone.  A  stratum  of  impure  lime- 
stone, more  sandy  than  the  upper  ones, 
from  10  to  11  inches  in  thickness,  which 
occurs  in  the  midst  of  coarse,  blue,  argil- 
laceous shale _-  10+  104  4 

4.     Blue,  rather  coarse,  argillaceous  shale 20        __          103          6 

3.  Thin-bedded  sandstones  are  more  promi- 
nent, alternating  with  blue  shales.  These 
sandstones  form  a  cascade  in  the  run, 
the  top  of  which  is  probably  40  feet  or 
more  above  the  bed  of  the  creek.  Look- 
ing down  the  cliff  from  the  brink  of  the 
cascade,  it  can  be  seen  that  for  some  dis- 
tance it  consists  of  bluish  shales,  alter- 
nating with  thin-bedded  sandstones.  Per- 
haps the  shales  with  the  impure  lime- 
stones above  this  fall  might  be  sepa- 
rated formationally  from  those  below 
it,  in  which  sandstones,  even  if  they  do 
not  predominate,  are  much  more  common 
than  in  the  upper  shales.  According  to 
the  barometer,  the  top  of  the  cascade  is 
38|  feet  higher  than  the  upper  exposure 
seen  on  Yellow  Creek,  which  is  the  inter- 
val covered  by  this  zone 38  6  83  6 

2.  Thin-bedded,  blue  sandstones,  alternating 
with  blue  shales;  upper  exposures  on 
Yellow  Creek.  The  banks  show  bluish, 
arenaceous  shales,  alternating  with 
bluish,  thin-bedded,  laminated  sand- 
stones. At  the  base,  a  zone  of  fairly 
thick-bedded,  fine-grained  sandstone. __  35  __  45 

1.  About  the  upper  3  feet  consists  of  blue  shale, 
with  layers  of  blue  sandstone  from  1  to 
2  inches  in  thickness;  lower  part  bluish- 
gray  to  bluish-black,  soft,  argillceous 
shale.  This  zone  is  probably  the  top 
of  the  Orangeville  formation 10  __  10 
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A  larger  run  than  the  one  described  above  enters  Yellow  Creek 
from  the  south,  just  below  the  fall  in  that  creek,  and  near  the  lower  end 
of  the  gorge.  Another  section  commencing  with  the  lowest  shales  on 
Yellow  Creek,  and  then  following  the  run  just  mentioned,  has  been 
prepared  and  will  now  be  described. 

Section  on   Yellow  Creek  and  Run  Near  Lower  End  of  Gorge. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

14.  Highest  exposures  in  pasture  above  highway 
bridge.  Compact,  fine-grained,  lami- 
nated, blue  sandstone,  weathering  to  a 
buff  color,  which  lithologically  resem- 
bles the  Sharpsville  sandstone.  An 
occasional  layer  is  about  a  foot  in  thick- 
ness, but  nearly  all  are  much  thinner, 
and  alternate  to  some  extent  with  blue 
shale.  The  lower  part  of  the  zone  is 
shown  on  the  bank  below  the  bridge. 
Somewhat  fossiliferous  30  __  191 

13.  Upper  limestone.  The  abutments  of  the 
highway  bridge  rest  on  top  of  this 
stratum.  Blue,  impure  limestone  the 
lower  part  of  which  is  very  fossiliferous  _  _  _  10  161 —  . . 

12.     Shaly  interval,  sandy,  part  of  it  hard  and 

apparently  calcareous  2        10          160 

11.     Layer  of  bluish,  impure  limestone __          6          157          2 

10.  At  the  top  are  4  feet  of  soft,  bluish  shale,  at 
the  base  of  which  is  a  calcareous,  con- 
cretionary layer.  Soft,  blue  shales  pre- 
dominate; but  there  are  a  good  many 
layers  of  thin,  blue  sandstone  and  some 
calcareous,  concretionary  ones.  At  the 
base  of  this  zone  are  several  rather  thin 

sandstone  layers  56 —     -  _          156          8 

9.  Lower  limestone.  Somewhat  sandy  but 
calcareous  stratum,  8  inches  or  more  in 
thickness.  The  reading  of  the  barom- 
eter on  this  stratum  was  almost  iden- 
tical with  that  of  the  lower  limestone 
in  the  upper  gully,  and  they  are  undoubt- 
edly identical 8  100  8 

8.  Mostly  blue  shale,  of  which  the  greater  part 
is  apparently  soft  and  argillaceous. 
There  is  some  arenaceous  shale,  how- 
ever, and  thin  sandstone  of  concretion- 
ary layers  25—  .-  100 

7.  At  about  the  top  of  the  more  conspicuous 
sandstones;  but  there  is  no  clear  and 
sharp  line  of  division.  The  sandstones 
are  thin-bedded,  alternate  with  shale,  and 
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Thickness  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

there  is  a  considerable  number  of  calca- 
reous, concretionary  layers.  There  are 
some  fossils  as  small  Spirif ers 15  __  75 

6.  Sandstone  and  slightly  calcareous  layer  at 
the  top  of  this  zone.  Laminated,  thin- 
bedded,  blue  sandstones,  alternating 
with  blue  shales 20  60 

5.  Mainly  bluish  shales,  containing  numerous 
somewhat  calcareous  and  rusty  concre- 
tions. A  decided  shale  zone 25  __  40 

4.  Blue,  compact,  fine-grained  sandstone,  with 
an  occasional  thin  shale  parting.  Some- 
what calcareous,  bluish  concretions  of 
rather  large  size  occur  in  this  zone 3  8  15 —  __ 

3.     Shale  7  11          3 

2.  Blue  sandstone.  Nos.  2,  3  and  4  occur 
almost  at  the  mouth  of  this  run,  and  they 
make  the  fall  in  Yellow  Creek  a  rod  or 
two  above.  The  zone  is  almost  5  feet 
in  thickness.  It  is  thought  that  this 
zone  represents  the  base  of  the  Sharps- 
ville  sandstone __  8  10  8 

1.  About  the  upper  3  feet  consists  of  blue 
shale,  with  layers  of  blue  sandstone 
from  1  to  2  inches  in  thickness;  the  re- 
mainder of  the  shale  is  bluish-black, 
soft  and  argillaceous.  These  are  the 
lowest  shales  seen  on  the  creek,  and  they 
are  exposed  in  its  bed  and  banks  from  the 
bridge  at  "the  Pineries"  up  to  the  foot 
of  the  falls  a  few  rods  above.  This  zone 
is  thought  to  represent  the  top  of  the 
Orangeville  formation 10  __  10 

The  measurement  for  the  greater  part  of  both  of  these  sections 
was  by  barometer.  The  total  thickness  for  the  lower  one,  taken 
from  readings  in  ascending,  was  190  feet,  which  has  been  used  in 
the  above  section.  On  descending  the  hill,  during  a  shorter  period  of 
time  than  in  ascending  it,  the  readings  gave  180  feet  for  the  total  thickness. 

The  outcrops  of  Carboniferous  rocks  on  Yellow  Creek  unfortunately 
do  not  extend  low  enough  to  render  it  safe  to  correlate  unhesitatingly 
the  lower  part  of  the  above  sections.  The  evidence,  however,  strongly 
favors  correlating  the  lower  ten  feet  of  shale  with  the  upper  part  of  the 
Brecksville,  the  upper  member  of  the  Orangeville  formation,  and  the 
super]  acent  sandstones  with  the  basal  ones  of  the  Sharpsville.  Litholog- 
ically  this  shale  is  very  similar  to  the  upper  part  of  the  Brecksville 
which  on  Chippewa  Creek,  twelve  miles  to  the  north,  is  capped  by 
similar  rather  thick  sandstones  at  the  base  of  what  is  regarded  as  the 
western  extension  of  the  Sharpsville  sandstone. 

12— G.  B.  15. 
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The  top  of  the  exposed  Berea  grit  in  the  quarries  at  Peninsula 
is  more  than  103  feet  above  the  bed  of  the  canal,  succeeding  which  is  the 
Orangeville  formation  with  a  thickness  of  115  feet  on  Chippewa  Creek 
and  about  128  feet  on  Brandy  wine  Creek.  The  top  of  the  shale  referred 
to  the  Orangeville  formation  on  Yellow  Creek  is  about  6  miles  southwest 
of  the  quarries  near  Peninsula,  and  between  60  and  65  feet  higher  than 
the  railroad  at  Botzum.  The  railroad  at  Peninsula  is  probably  about 
10  feet  higher  than  the  bed  of  the  canal,  which  would  make  the  top  of  the 
Orangeville  formation  about  208  feet  higher  than  the  railroad  at  that 
village.  This  indicates  a  dip  of  about  24  feet  per  mile  to  the  southwest, 
providing  the  top  of  the  first  shale  on  Yellow  Creek  is  the  top  of  the 
Orangeville  formation. 

The  limestones  which  are  called  simply  lower  and  upper  in  the  above 
sections  and  the  one  at  North  Royalton  have  some  lithologic  resem- 
blance to  the  Lower  and  Upper  Meadville  limestones  of  western  Penn- 
sylvania. Their  stratigraphic  position  is  also  similar;  but  it  is  not 
considered  that  the  evidence  is  strong  enough  to  warrant  their  precise 
correlation. 

In  Cuyahoga  and  Summit  counties  there  appears  to  be  no  difficulty 
in  dividing  the  original  Cuyahoga  shales  of  Newberry  into  two  forma- 
tions on  lithologic  grounds  of  which  the  lower  one  is  the  Orangeville. 
It  does  not  appear,  however,  that  there  is  any  very  definite  lithologic 
break  that  can  be  used  for  dividing  this  upper  portion  of  the  Cuyahoga 
terrane.  It  would  appear  on  the  basis  of  classification  in  the  Cuyahoga 
basin  that  the  Cuyahoga  terrane  of  Newberry  can  readily  be  divided 
on  lithologic  grounds  into  two  formations,  but  not  more. 

If  the  opinions  advanced  regarding  the  correlation  of  the  Yellow 
Creek  section  be  correct,  then  the  exposures  in  the  upper  part  of  the  low- 
er run  extend  stratigraphically  30  feet  higher  than  those  of  the  section 
near  North  Royalton  and  from  170  to  180  feet  higher  than  the  top  of  the 
Orangeville  formation.  On  Chippewa  Creek  the  Orangeville  formation 
is  115  feet  in  thickness  and  on  Brandywine  Creek  from  125  to  130  feet. 
Consequently  if  the  thickness  of  the  Orangeville  formation  be  added  to 
that  of  the  overlying  rocks  on  Yellow  Creek  it  will  give  a  thickness  of 
from  285  to  310  feet  for  the  Cuyahoga  terrane.  Dr.  Newberry  gave 
the  thickness  of  the  Cuyahoga  shales  in  Cuyahoga  and  Summit  counties 
as  from  150  to  200  feet,1  which  is  apparently  about  100  feet  less  than  may 
be  obtained  on  Yellow  Creek.  The  thickness,  however,  of  the  Cuya- 
hoga terrane  varies  decidedly  within  comparatively  short  distances 
in  this  region,  due  apparently  to  the  unequal  erosion  of  its  upper  surface. 

Dr.  Newberry  gave  the  combined  thickness  of  the  formations  in 
Cuyahoga  County  which  are  now  generally  referred  to  the  Waverly 
series — the  Bedford  shale,  Berea  grit  and  Cuyahoga  shale — as  from 

JGeol.  Surv.  Ohio,  Vol.  I,  pp.  184,  210. 
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285  to  335  feet1  and  for  Summit  County  as  280  feet.2  Prof.  C.  L.  Her- 
rick  in  describing  the  'rocks  of  the  Cuyahoga  Valley  stated  that  "about 
350  feet  will  include  all  of  the  Waverly  which  has  an  equivalent  repre- 
sented in  central  Ohio."3  As  we  have  seen  above  if  the  upper  part  of 
the  Cuyahoga  terrane  be  measured  on  Yellow  Creek,  then  its  thick- 
ness varies  from  285  to  310  feet.  The  thickness  of  the  Berea  grit  at 
Brandywine  Falls,  on  Turners  Creek  near  Bedford  and  on  Chippewa 
Creek  near  Brecksville  is  about  40  feet  and  the  Bedford  formation  near 
Bedford  about  75  feet,  the  sum  of  which  would  indicate  that  in  some 
parts  of  the  Cuyahoga  Valley  the  thickness  of  the  Waverly  series  is 
greater  than  from  400  to  425  feet. 

Section  of  Mud  Brook* — About  two  and  one-fourth  miles  south- 
east of  Botzum,  Mud  Brook  enters  the  Cuyahoga  River  from  the  east, 
about  three-eighths  of  a  mile  below  Crammer,  formerly  known  as  Old 
Portage.  This  brook  was  followed  in  July,  1907,  by  an  assistant,  Mr. 
Wm.  C.  Morse,  who  made  the  following  report:  From  the  mouth 
upward  the  older  rocks  for  a  long  distance  are  concealed  by  alluvial 
and  glacial  deposits;  but  in  the  upper  portion  the  Paleozoic  rocks  are 
shown.  The  section  was  barometric  and  subject  to  some  error  as  the 
barometer  was  not  reading  as  accurately  as  might  be  desired. 

Section  of  Mud  Brook. 

Total 

Thick-  thick- 
ness,    ness. 
Xo.  .  Feet.     Feet. 

3.  Sharon  conglomerate.  Top  of  the  exposure  at  Puritan  Mills 
and  Iron  Bridge,  where  there  is  a  fall  in  the  brook  over 
the  conglomerate.  Fifteen  to  twenty  feet  of  the  con- 
glomerate is  here  shown  in  a  massive  wall  on  t  h  e 
southern  bank  of  the  valley.  The  upper  part  of  the 
outcrop  is  a  dense  conglomerate;  but  the  lower  portion 
is  a  coarse,  gray  sandstone,  containing  only  a  few 
pebbles •_ 30  225 

2.  Royalton  formation.  The  contact  between  the  Sharon  and 
Royalton  is  clearly  shown  at  the  turbine  chute.  The 
upper  portion  of  the  Royalton  consists  of  blue,  argilla- 
ceous shales,  with  thin  layers  of  sandstone  and  lime- 
stone. The  greater  part  of  the  interval  is  covered  by 
drift  deposits  of  blue  clay  and  gravel;  but  when  exposed 
the  older  rocks  consist  of  blue,  arenaceous  and  argilla- 
ceous shales,  alternating  with  thin  layers  of  blue  sand- 
stone and  limestone.  In  the  basal  part  of  this  zone, 
which  occurs  about  one-fourth  mile  above  the  first 
highway  bridge  below  the  Iron  Bridge,  is  poorly  ex- 
posed 7  to  8  feet  of  sandstone  and  blue  shale.  At  the 


'Ibid.,  p.  184. 

2Ibid.,  "Section  of  the  Rocks  of  Summit  County,"  opposite  p.  222. 

'Bull.  Denison  Univ.,  Vol.  IV,  1888,  p.  103. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

top  is  about  2  feet  of  sandstone,  above  which  is  till. 
The  blue  shale  forms  the  bed  of  the  brook,  and  in  it 
just  below  the  sandstone,  is  a  very  fossiliferous  zone 
in  which  Spirifer  and  other  Brachiopods,  Trilobites, 

Bryozoa  and  Crinoid  stems  were  collected 55+   195 

1.  Covered  to  level  of  Cuyahoga  River.  Opposite  the  highway 
bridge  mentioned  above,  which  is  the  second  one  in  as- 
cending the  brook,  is  blue  clay,  and  high  up  on  the 
banks  of  the  highway  blue  clay  and  gravel  imperfectly 
stratified  occur.  Farther  down  the  stream  are  large 
deposits  of  drift  sand  and  gravel,  with  some  blue  clay 
on  its  banks.  About  a  mile  above  its  mouth  is  an  allu- 
vial cone,  from  90  to  100  yards  across  at  its  base,  with 
about  the  same  length,  and  its  greatest  thickness  about 
10  feet.  It  occurs  at  the  mouth  of  a  small  gully  where 
the  steep  bank  of  drift  has  been  washed  away.  At 
this  locality  the  drift  consists  mainly  of  sand,  which 
is  imperfectly  stratified.  Another,  and  considerably 
smaller,  alluvial  cone  occurs  farther  down  the  brook  __  140  140 


The  total  thickness  of  225  feet  for  the  above  section  appears  to  be 
fairly  accurate,  since  the  topographic  map  gives  220  feet  or  more  as 
the  difference  in  altitude  between  the  level  of  Cuyahoga  River  and  Mud 
Brook  at  the  Iron  Bridge. 

Section  in  the  Cuyahoga  Gorge* — As  is  well  known  the  Cuyahoga 
River  at  Cuyahoga  Falls  has  cut  a  deep  and  narrow  channel  in  the  Sharon 
conglomerate.  This  gorge  extends  for  more  than  two  miles  down  the 
river,  gradually  widening  as  the  Sharon  conglomerate  and  Cuyahoga 
sandstones  recede  from  its  immediate  banks  and  ends  when  the  soft 
Brecksville  shales  are  reached. 

At  the  lower  end  of  the  Cuyahoga  gorge  on  the  eastern  or  northern 
bank  of  the  river  is  a  cliff  showing  some  15  feet  of  soft,  bluish-black, 
fissile  shale.  This  shale  is  fine  as  weathered  and  has  all  the  appearance 
of  the  Brecksville.  A  little  below  is  a  high  bank  of  boulder  clay  with 
glacial  deposits  of  sand  above,  and  for  some  distance  down  the  river 
the  immediate  high  banks  are  composed  of  glacial  deposits.  On  the 
opposite  side  of  the  river  a  little  above  the  bank  of  Brecksville  shale 
bluish-black  fissile  shale  is  shown  which  makes  the  floor  of  the  river  at 
this  locality.  On  the  same  side  a  little  farther  up  the  river  2  or  3  feet 
of  shale  is  exposed.  At  the  lower  end  of  the  outcrop  it  is  argillaceous, 
somewhat  blackish,  weathering  to  a  rusty  color  like  some  of  the  Brecks- 
ville shale.  At  the  upper  end  of  the  outcrop,  which  is  a  little 
higher,  the  shales  are  blue  in  color,  coarser,  and  somewhat  arenaceous 
with  thin  layers  of  blue  sandstone  about  one-fourth  of  an  inch  in  thick- 
ness. The  top  of  this  outcrop  is  5  feet  or  so  above  the  level  of  the  river 
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and  is  also  very  near  the  top  of  the  Orangeville  formation.  A  little 
farther  up  the  river,  about  the  top  of  the  Orangeville  formation  is 
shown  at  water  level,  where  it  is  blue  to  bluish-black  in  color,  soft  and 
argillaceous.  This  outcrop,  according  to  the  barometer,  is  35  feet 
lower  than  the  heavy  sandstone  layer  at  the  top  of  the  cascade  just 
above  Big  Falls  and  it  is  opposite  conspicuous  ledges  of  heavy  sandstone 
on  the  other  bank  of  the  river.  The  contact,  however,  of  the  Orange- 
ville formation  and  the  super  jacent  sandstones  is  not  clearly  shown  in 
the  gorge  ;  but  is  partly  concealed  by  talus  which  extensively  covers  the 
banks  of  the  lower  part  of  the  gorge.  In  connection  with  the  correlation 
of  this  shale  it  is  interesting  to  note  that  Mr.  W.  F.  Cooper  has  stated 
that  "The  Berea  shale  [under  which  term  he  apparently  included  in 
northern  Ohio  about  what  we  are  calling  the  Orangeville  formation], 
which  extends  almost  to  the  Big  Falls,  is  very  different,  both  lithologically 
and  paleontologically  from  the  Cuyahoga  shale  proper.  "»  It  is  very 
evident  from  the  above  quotation  that  Mr.  Cooper  referred  the  soft 
bluish-black  shales  at  the  lower  end  of  the  Cuyahoga  gorge  to  the  lower 
shales  of  the  Cuyahoga  terrane,  which  he  called  the  Berea  shale. 

On  the  bank  at  a  little  distance  from  the  river  and  between  the  two 
outcrops  of  Brecksville  shale  last  described  is  a  conspicuous  ledge  of 
sandstone.  The  lower  part  of  this  sandstone  is  mostly  covered,  but  it 
apparently  runs  down  nearly,  if  not  quite,  to  the  top  of  the  Orangeville 
shale.  From  near  the  apparent  top  of  the  Orangeville  formation  the 
writer  leveled  to  the  top  of  the  highest  exposed  layer  of  this  sandstone 
zone  and  in  each  instance  made  the  interval  52  feet.  The  same  interval 
was  leveled  by  Dr.  Wilkinson,  who  made  it  51  feet.  The  bank  immedi- 
ately above  is  covered;  but  these  observations  show  that  succeeding  the 
Orangeville  formation  there  is  a  zone  composed  to  a  considerable  extent 
of  fairly  thick-bedded  sandstones  which  reaches  a  thickness  of  nearly  50 
feet.  Apparently  the  thickness  of  this  zone  was  given  as  35  feet  by  Prof. 
C.  L.  Herrick  in  his  section  of  the  Cuyahoga  Valley,2  and  probably 
was  determined  by  following  the  river  from  the  top  of  the  Orangeville 
formation  to  the  top  sandstone  of  Big  Falls,  for  which  interval  the  writer 
had  the  same  result.  It  is  thought,  however,  that  the  sandstone  zone 
extends  somewhat  higher  than  the  top  of  Big  Falls,  for  on  the  northern 
side  thinner  bedded  sandstones  show  in  the  lower  part  of  a  gully  about 
opposite  the  falls.  Professor  Herrick  described  the  35-foot  zone  of  his 
section  as  composed  of  "Flags  and  shales,  with  Productus  newberryi, 
Allorisma  cuyahoga,  Discina  newberryi,  etc."3 

Just  beneath  this  zone  in  the  Cuyahoga  Valley  section  Professor 
Herrick  gave  10  to  15  feet  of  what  he  called  the  "Berea  black  shale;" 
below  which  was  the  Berea  grit  45  feet  in  thickness.  If  the  black  shale 


l.  Sci.  Lab.  Denison  Univ.,  Vol.  V,  1890,  p.  32. 
2Bull.  Geol.  Soc.  America,  Vol.  II,  1891,  p.  40. 
3Loc.  cit.;  p.  40. 
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which  Professor  Herrick  termed  the  "Berea"  is  at  the  lower  end  of  the 
gorge,  then  as  already  shown  it  is  the  upper  portion  of  the  Brecksville 
shale;  but  in  any  case  he  very  much  underestimated  the  interval  be- 
tween the  Berea  grit  and  the  base  of  the  35-foot  zone,  which  is  probably 
between  115  and  130  feet  instead  of  10  to  15  feet  as  he  stated. 

Above  the  sandstone  zone  somewhat  farther  up  the  river  and  well 
up  on  the  bank  are  exposures  of  bluish  argillaceous  and  some  arenaceous 
shales,  which  contain  brownish-gray,  somewhat  calcareous  concretions 
and  in  the  shales  a  few  fossils  were  found,  mostly  Bryozoa.  Somewhat 
farther  up  the  river  is  a  gully  and  above  it  a  small  quarry  has  been  open- 
ed in  the  Sharon  conglomerate.  Below,  in  the  upper  part  of  the  gully, 
are  blue  shales  alternating  with  bluish,  thin-bedded  sandstones.  A 
single  reading  of  the  barometer  made  the  interval  from  the  base  of 
the  quarry,  which  is  apparently  not  much  above  the  base  of  the 
Sharon  conglomerate,  down  to  the  top  of  the  Orangeville  formation 
150  feet.  Herrick's  section  of  the  Cuyahoga  Valley  gives  this  same 
interval  as  125  feet.1 

The  rocks  are  well  exposed  on  the  banks  of  the  Cuyahoga 
River  from  the  lower  end  of  the  gorge  up  to  the  top  of  Big  Falls.  A 
section  was  constructed  from  the  outcrops  along  this  part  of  the  river, 
and  thence  up  the  northern  bank  to  the  Old  Maid's  Kitchen  and  top  of 
cliff  of  Sharon  conglomerate. 

Section  of  Cuyahoga  River  at  Big  Falls. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

9.  Sharon  conglomerate.  Top  of  cliff,  above  Old  Maid's 
Kitchen.  This  name  has  been  applied  to  an  immense 
recess  in  the  face  of  the  conglomerate  cliff,  the  roof  of 
which  is  21  feet  above  the  base.  The  greater  part  of 
the  face  of  the  cliff  is  composed  of  a  coarse,  brownish- 
gray  (as  weathered)  grit,  with  some  pebbles  and  occa- 
sional layers  of  very  coarse  conglomerate.  For  a  con- 
siderable part  of  the  exposure,  the  base  of  the  conglom- 
erate is  formed  of  a  coarse  pebbly  layer,  and  another  one 
is  shown  in  the  roof  of  the  "Kitchen,"  where  the  peb- 
bles are  very  coarse.  There  is,  however,  no  such  mas- 
sive layer  of  coarse  conglomerate  as  occurs  near  the 
base  of  the  formation  in  the  gorge  below  High  Bridge 
at  Cuyahoga  Falls.  The  line  of  contact  between  the 
Sharon  conglomerate -and  Cuyahoga  terrane  is  beauti- 
fully shown,  and  is  irregular,  showing  that  the  con- 
glomerate was  deposited  on  an  eroded  surface  of  the 
shale.  This  character  is  best  shown  in  the  western 
half  of  the  exposure  at  this  locality,  where  the  uncon- 
formability  is  well  marked.  The  Old  Maid's  Kitchen 
and  lower  part  of  the  Sharon  conglomerate  is  shown  in 
Plate  XIV.  The  base  of  the  lowest  ledge  of  massive 
sandstone  is  the  base  of  the  Sharon  conglomerate 36  178 


.  cit.,  p.  40. 
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Total 

Thick-  thick- 
No  ness.     ness. 

Feet.     Feet. 

8.  Royalton  formation.  The  thickness  of  this  top  zone  of  the 
Cuyahoga  terrane  is  variable,  due  to  the  uneven  surface 
of  the  super] acent  conglomerate;  consequently  it  ranges 
from  3  feet  downward.  It  consists  of  blue  to. bluish-gray 
argillaceous  shales,  with  some  arenaceous  ones  and  thin 
sandstone  layers.  One  of  the  sandstone  layers  from  2 
to  3  inches  in  thickness,  and  just  about  one  foot  below 
the  base  of  the  conglomerate,  where  the  shale  is  thick- 
est, is  rather  fossiliferous.  This  fauna  was  apparently 
discovered  by  Prof.  C.  L.  Herrick,  who  made  the  fol- 
lowing statement  concerning  it:  "The  few  feet  of  shale 
near  the  top  [of  the  Waverly]  at  Cuyahoga  Falls,  seem 
to  extend  above  any  of  the  southern  horizons  and  mingle 
fossils  like  Spirifer  biplicatus,  of  the  Waverly,  with 
Coal-measure  types  like  Entolium  aviculatum."1 3  142 

7.  Mostly  covered  slope  to  top  of  cascade  of  Big  Falls.  In 
lower  part  of  gully  a  few  outcrops  of  bluish,  thin-bedded 
sandstones  and  shales. 

It  is  not  improbable,  that  the  subjacent  sandstone 
zone  extends  for  about  15  feet  into  this  covered  inter- 
val. At  the  lower  end  of  the  gorge,  its  top  appears  to 
be  about  50  feet  above  the  top  of  the  Orangeville  for- 
mation, while  the  top  sandstone  of  Big  Falls  is  only 
about  35  feet  higher  than  the  shale. 

Dr.  Newberry  gave  80  feet  for  the  interval,  from 
the  Big  Falls  to  the  base  of  the  Sharon  conglomerate,2 
and  the  same  thickness  was  given  by  Mr.  W.  F.  Cooper.3 
The  interval  from  the  top  of  the  heavy  sandstone, 
forming  the  cascade  at  the  top  of  Big  Falls,  to  the  base 
of  the  conglomerate,  was  leveled  by  Mr.  Flory,  who 
made  it  92  feet.  The  barometer,  for  the  same  interval, 
gave  for  one  reading,  a  difference  of  100  feet,  and  at 
another  time,  95  feet.  In  this  zone,  40  feet  below  the 
conglomerate,  Professor  Herrick  found  a  fossiliferous 
layer,*  from  which  Mr.  Cooper  states  that  "over 
thirty-five  species  have  been  figured,  in  Bulletin  Vol. 
IV,  of  Denison  University."5 89  139 

6.  Heavy  sandstone,  which  makes  the  cascade  at  the  top  of 
Big  Falls.  As  estimated,  from  the  bank  below  the 
falls,  there  is  about  8  feet,  nearly  all  of  which  is  a  com- 
pact, fine-grained,  blue  to  light  gray  sandstone,  which 
weathers  to  a  buff  color.  In  the  midst  of  this  zone  is  a 
layer  that  is  harder,  contains  marcasite,  and  is  prob- 
ably slightly  calcareous.  The  layers  of  this  sand- 
stone, which  make  Big  Falls,  vary  from  6  inches  to  a 
foot  in  thickness,  and  form  about  the  upper  half  of  the 
cliff,  as  seen  on  the  northern  bank  below  the  falls. 
Dr.  George  H.  Girty  is  reported  to  have  stated 


lBull.  Denison  Univ.,  Vol.  IV,  p.  103. 

2Geol.  Surv.  Ohio,  Vol.  I,  p.  210. 

3Bull.  Sci.  Lab.  Denison  Univ.,  Vol.  V,  1890,  p.  32. 

4Ibid.,  Vol.  IV,  1888,  p.  104. 

'Ibid.,  Vol.  V,  1890,  p.  32. 
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Thick-  thick- 
ness,    ness. 

No.  Feet.     Feet. 

that  "The  Sharpsville  sandstone  representing  the 
middle  portion  of  the  Cuyahoga  is  probably  the 
stratum  producing  the  lower  falls  [evidently  meaning 
Big  Falls]  at  the  village  of  Cuyahoga  Falls."1 8±  50 

5.  The  lower  part  of  Big  Falls,  and  the  northern  bank  below 
the  falls,  consist  principally  of  bluish  to  bluish-gray 
shales  and  thin-bedded  sandstones.  Some  of  the 
shales  are  argillaceous,  and  approach  an  olive  color. 
From  the  river  level  at  the  base  of  this  zone  and  Big 
Falls,  to  the  top  of  the  sandstone  forming  the  cascade 
above  Big  Falls,  is  17  feet  by  level  and  18  feet  by  bar- 
ometer. Fossils  occur  in  these  rocks,  perhaps  most 
frequently  in  some  of  the  shales  that  form  the  lower 
part  of  the  falls,  from  which  several  species  were  ob- 
tained; Chonetes  is  the  most  common  one. 

Mr.  W.  F.  Cooper  has  mentioned  two  horizons 
below  the  Sharon  conglomerate  at  this  locality,  from 
which  he  collected  fossils.  The  first,  he  stated,  "is 
forty  feet  below  the  carboniferous  conglomerate,  the 
second  is  exposed  in  the  series  of  shales  and  freestones 
of  which  the  stratum  forming  the  Big  Falls  is  the  top. 
Allorisma  cuyahoga  and  a  species  of  Chonetes  are  the 
only  species  thus  far  obtained  from  that  horizon."2  O^  42 

4.     Shales  and  thin-bedded  sandstones  4        33 

3.  Hard  stratum  of  somewhat  calcareous,  blue  sandstone, 
which  weathers  to  a  rusty  color.  It  is  11  inches  in 
thickness,  and  makes  the  small  fall  below  the  foot 
bridge 1—  29 

2.  Blue,  arenaceous  and  argillaceous  shales  with  thin  sand- 
stone layers  occur  directly  below  the  above  stratum. 
About  4  feet  below  the  calcareous  stratum  is  another 
thinner,  hard  sandstone,  which  is  also  apparently  cal- 
careous. About  8  feet  below  No.  3,  are  blue,  rather 
coarse,  argillaceous  shales,  which  are  fossiliferous. 
Blue  shales,  alternating  with  thin-bedded,  blue  sand- 
stones occur  9  feet  below  the  base  of  No.  3,  and  similar 
rocks  apparently  continue  for  5  feet  lower 13  =*=  28 

1.  Brecksville  shale.  At  top,  blue,  rather  thick,  arenaceous 
shales,  with  thin  layers  of  blue  sandstone,  one-fourth 
inch  in  thickness.  Lower,  it  is  bluish-black,  fissile 
shale,  weathering  into  a  smooth,  dark  colored  bank. 
Lowest  exposure  at  end  of  gorge  15=*=  15 

In  the  above  section  the  thickness  of  the  intervals  from  the  base 
of  No.  5  to  the  top  was  obtained  by  hand-level  or  tape,  while  the  lower 
part  is  partly  barometric.  There  is  a  small  fold  on  the  northern  bank 
just  below  Big  Falls;  but  it  is  not  thought  that  it  has  affected  the 
result  very  much. 

'Science,  N.  S.,  Vol.  XIII,  p.  664. 

'Bull.  Sci.  Lab.  Denison  Univ.,  Vol.  V,  p.  32. 
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This  section  makes  the  thickness  of  the  interval  from  the  top  of 
the  Orangeville  formation  to  the  base  of  the  Sharon  conglomerate  137 
feet.  The  barometric  section  on  the  southern  side  of  the  river  made  this 
same  interval,  plus  perhaps  a  few  feet  of  the  basal  portion  of  the  Sharon 
conglomerate,  150  feet;  but  this  section  was  measured  when  the  barom- 
eter was  falling  and  is  probably  not  so  accurate.  This  interval  is 
given  a  thickness  of  125  feet  by  Prof.  C.  L.  Herrick  in  his  section  of  the 
"Cuyahoga  Valley  and  Bedford"  and  subdivided  as  follows: 

"Cuyahoga    shale,    with    Spirifer    marionensis,    Phae'thonides 

spinosus,  Proe'tus  prcecursor,  etc 50ft. 

Concretions  with  same  fauna,  shales 40  ft. 

Flags  and  shales,  with  Productus  newberryi,  Allorisma  cuya- 

hoga,  Discina  newberryi,  etc 35  ft."1 

A  gully  just  above  the  Electric  Railroad  bridge  on  the  southern 
side  of  the  river  affords  a  fair  section  of  the  upper  part  of  the  Cuyahoga 
terrane.  The  upper  part  of  the  section  is  covered  and  the  contact 
with  the  Sharon  conglomerate  is  not  shown;  but  the  base  of  the  Sharon 
may  be  found  on  the  bank  above  the  path  a  few  rods  farther  up  the  river. 

Section  Between  the  Electric  Railroad  Bridge  and  Cuyahoga  Falls. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

10.     Base  of  Sharon  conglomerate __ 

9.  Royalton  formation  covered  in  upper  part  of  gully;  but 
shown  farther  up  the  bank  to  be  composed  principally 
of  bluish  shales  and  thin  sandstones 18  94 

8.     Soft,  argillaceous  shales,  exposed  on  upper  part  of  bank  of 

run  _     7        76 

7.  About  the  top  of  the  concretions.  The  zone  composed  of 
thin,  blue,  laminated  sandstones  and  shales,  containing 
concretions.  It  is  fossiliferous;  Conularia  and  some 
other  forms  were  noted 11  69 

6.     Mostly  covered  interval,  crossed  by  path 12  =*=     58 

•    5.     About  4  feet  of  soft,  blue,  argillaceous  shale,  containing 

calcarous  concretions,  and  exposed  below  the  path 4=*=     46 

4.     Stratum  of  calcareous  sandstone,  from  8  to  9  inches  in 

thickness f      42 

3.  Argillaceous  shales,  containing  concretions.  At  the  base 
of  the  zone  is  a  sandy,  concretionary  layer,  which  is 
somewhat  fossiliferous;  and  the  base  of  the  concre- 
cretions  in  this  section  14 j  41£ 

2.  Shales,  alternating  with  thin  sandstones;  but  the  propor- 
tion of  sandstone  is  greater  than  in  the  overlying  zone.  _  12  27 

1.     Covered  to  river  level  _  15        15 


'Bull.  Geol.  Soc.  America,  Vol.  II,  p.  40. 
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Not  many  rods  above  the  gully,  which  has  just  been  described, 
the  lower  part  of  the  Sharon  conglomerate  appears  as  a  massive  rock 
forming  the  upper  and  steep  portion  of  the  cliff  which  bounds  the  gorge. 
At  several  places  the  contact  of  the  Sharon  conglomerate  and  Cuyahoga 
terrane  (Royalton)  is  fairly  well  shown,  together  with  several  feet  of  the 
upper  part  of  the  last  named  division.  At  one  locality,  commencing  about 
5  feet  below  the  base  of  the  conglomerate,  is  shown  about  7  feet  of  rocks 
belonging  in  the  Cuyahoga  terrane.  These  consist  mainly  of  rather 
thin,  bluish  shales  alternating  with  thin,  blue  sandstones.  The  sandstone 
layers  reach  a  thickness  of  perhaps  3  inches  and  there  is  an  occasional 
calcareous,  rusty  layer  a  half  inch  or  so  thick.  At  another  place  the 
contact  is  well  shown  where  the  top  of  the  Cuyahoga  is  a  bluish,  argilla- 
ceous and  very  soft  shale.  Just  above,  forming  the  base  of  the  Sharon, 
is  a  15-inch  layer  of  very  coarse  conglomerate  above  which  is  a  coarse 
sandstone  containing  some  pebbles.  Farther  up  the  river  this  zone  is 
composed  entirely  of  rather  coarse  conglomerate.  At  the  prominent 
angle  in  the  cliff,  300  to  400  feet  below  the  dam  and  ferry,  the  base  of  the 
Sharon  is  shown,  below  which  for  several  feet  the  uppermost  Cuyahoga 
is  mostly  covered  with  dirt.  The  Cuyahoga  rocks  as  exposed  on  this 
bank,  however,  consist  mainly  of  bluish  to  bluish-gray  thin,  evenly 
bedded  arenaceous  shales  to  thin-bedded  sandstones;  but  there  are  also 
alternating  bands  of  thin  fissile  shale  which  is  more  or  less  argillaceous. 
On  the  opposite  or  western  bank  of  the  river  just  below  the  dam  probably 
the  upper  8  feet  of  the  Cuyahoga  terrane  is  shown.  The  rocks  consist 
apparently  of  bluish  shales  alternating  with  thin  sandstones.  This 
observation,  however,  was  made  on  the  opposite  bank  of  the  river 
since  the  exposure  can  be  reached  only  by  a  boat,  which  was  not  available 
at  the  time  of  the  examination.  Above  the  dam  the  base  of  the  Sharon 
conglomerate  extends  nearly  or  quite  to  the  river  level  and  forms  nearly 
vertical  cliffs  on  both  sides  about  70  feet  in  height.  This  is  an  ad- 
mirable locality  for  studying  the  Sharon  conglomerate  and  one  famous 
in  Ohio  for  its  natural  beauty.  On  the  western  side  at  the  foot  of  the 
stairs  the  lower  17  feet  of  the  Sharon  is  composed  of  typical  conglomerate 
in  which  the  pebbles  are  large  and  thick.  On  the  opposite  bank  of  the 
river  the  heavy  conglomerate  is  apparently  not  so  thick  and  this  con- 
glomerate zone  seems  to  be  somewhat  irregular  in  its  extent.  This 
zone  is  the  basal  conglomerate  of  the  Sharon  member  of  the 
Pottsville  formation.  Above  the  coarse  conglomerate  zone  the  rock 
is  mainly  a  coarse  sandstone,  with  smaller  pebbles  than  in  the  basal 
zone  scattered  somewhat  sparingly  through  it  and  varying  in  abun- 
ance.  The  conglomerate  and  sandstone  near  the  river  is  gray  in  color 
and  more  or  less  brownish  from  iron  staining.  Within  about  8  feet 
of  the  top  of  the  cliff,  as  seen  from  the  high  bridge  over  the  river,  is  a 
coarse  pebbly  layer  about  18  inches  thick.  The  thickness  of  the  Sharon 
conglomerate  exposed  in  these  cliffs  is  about  70  feet  according  to  the 


GEOLOGICAL  SURVEY  OF  OHIO.  171 

barometer.  This  is  the  same  as  the  thickness  assigned  to  the  " Car- 
boniferous conglomerate"  by  Prof.  C.  L'.  Herrick  in  his  section  of  the 
"Cuyahoga  Valley  and  Bedford. "» 

Akron  Section*  —  The  older  rocks  in  the  vicinity  of  Akron  are 
largely  covered  by  recent  deposits  of  sand  and  gravel  which  in  certain 
localities  have  a  very  considerable  thickness.  In  the  northern  part 
of  the  city  is  a  bluff  in  which  are  perhaps  the  best  exposures  of  the  con- 
glomerate to  be  found  in  Akron.  At  the  northeastern  end  of  the  bluff, 
to  the  north  and  below  Bluff  Street  near  the  end  of  North  Union  Street, 
is  the  old  Hugill  quarry,  now  abandoned.  The  barometer  and  tape 
both  gave  50  feet  of  rock  exposed  in  this  quarry,  which  was  the  greatest 
thickness  seen  in  any  one  exposure  in  the  city.  The  color  on  the  weath- 
ered face  of  the  quarry  is  either  a  dark  or  brownish-gray.  The  rock  in 
the  upper  part  of  the  cliff  is  irregular  in  bedding  and  shattered,  then 
there  is  a  zone  of  rather  massive  sandstone,  below  which  is  a  zone  of 
coarse,  cross-bedded  rock,  while  deeper  is  the  very  massive  stone  of 
the  quarry,  17  feet  in  thickness.  In  the  deepest  part  of  the  quarry 
is  a  zone  of  massive  stone,  about  6  feet  thick,  which  is  underlain  by  thin- 
ner bedded  sandstone.  The  rock  shown  in  this  cliff  is  in  general  a  rather 
coarse  sandstone  to  grit,  containing  but  few  pebbles.  Nearly  one-half 
of  the  cliff  is  composed  of  very  massive  sandstone,  while  the  remainder 
is  thinner  and  more  or  less  irregularly  bedded,  with  some  shale  partings. 

Below  the  quarry  is  an  excavation  by  the  Ohio  Northern  Railroad, 
above  the  canal,  the  base  of  which  is  35  feet  below  the  base  of  the  Hugill 
quarry.  At  this  locality  the  rock  is  in  part  a  conglomerate,  although 
the  pebbles  are  not  coarse;  but  in  part  of  it  are  somewhat  numerous  thin 
layers  of  coarse  conglomerate.  This  gives  a  thickness  of  at  least  85 
feet  for  the  Sharon  conglomerate  in  Akron.  In  the  Fair  Grounds, 
on  the  bank  of  the  Little  Cuyahoga,  70  odd  feet  below  the  conglomerate 
exposure  on  the  raiload,  is  an  outcrop  of  bluish  shales  and  sandstones 
belonging  in  the  Cuyahoga  terrane.  The  following  section  has  been 
constructed  from  the  Little  Cuyahoga  to  the  top  of  the  Hugill  quarry: 

Section  in  Northern  Akron  from  the  Little  Cuyahoga  to  Top  of  Hugill  Quarry. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet, 

6.  Sharon  conglomerate.  Top  of  Hugill  quarry.  Thinner 
bedded  and  shattered  sandstone  in  upper  part.  Mas- 
sive sandstone.  Cross-bedded  zone.  Thinner  bedded 
sandstone.  The  above  details  are  shown  most  clearly 
near  the  eastern  end  of  the  quarry,  while  at  the  west- 
ern end  the  high  cliff  is  nearly  all  massive  sandstone, 
except  the  shattered  layers  on  top 27  165 


'Ibid.,  Vol.  II,  p.  40. 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 
5.     Very  massive  sandstone,  forming  most  valuable  part  of 

quarry ___     17+   138 

4.     Lower  massive  ledge.     Thinner  layers  at  base,  which  is  the 

bottom  of  the  Hugill  quarry 6 — •  121— 

3.  Mostly  covered;  but  lower  part  exposed  above  the  canal 
by  railroad,  showing  a  conglomerate  zone.  In  general, 
the  pebbles  are  not  coarse;  but  in  part  of  the  exposure 
are  numerous  thin  layers  of  coarse  conglomerate.  This 
is  the  lowest  outcrop  of  the  conglomerate  seen  and 

shows  that  its  thickness  is  at  least  85  feet 35      115 

2.     Covered  interval;  92  feet  by  barometer  and  72  as.  leveled  _     72        80 

1.  Cuyahoga  terrane.     On  the  bank  and  in  the  bed  of    the 

Little  Cuyahoga,  8=*=  feet  of  bluish  shales  and  sand- 
stones containing  concretions,  are  shown.  Some  fossils 
were  noted 8  =*=  8 

The  Sharon  conglomerate  is  reported  as  underlying  Buchtel  College, 
which  is  probably  true,  but  no  exposures  were  visible  at  the  time  the 
campus  was  visited.  In  particular  the  engine  house  is  said  to  be  on 
rock  foundation. 

In  the  southern  part  of  the  city,  Wolfe  ledge  and  Wilhelm's  quarry 
give  some  idea  of  the  appearance  of  the  conglomerate.  The  quarry  is  at 
the  southern  end  of  the  ledge  on  East  South  Street.  The  rock  is  a 
light-gray  coarse  sandstone  to  grit,  composed  of  rather  coarse  quartz 
grains  with  occasional  quartz  pebbles.  It  is  loosely  cemented,  has 
numerous  small  brownish  spots  and  shows  fine  examples  of  cross-bedding. 
On  old  exposures  it  is  weathered  to  a  very  dark-gray  color.  The  rock  is 
quarried  mainly  for  construction  blocks. 

Section  of  Wilhelm's  Quarry. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

2.  Shattered  layers  near  the  top  of  the  quarry 5|      19£ 

1.     Light-gray,   coarse,   massive  sandstone,   containing  some 

pebbles    and   numerous   brown   spots.     There   is    also 

much  cross-bedding.     Base  of  quarry 14        14 

In  the  old  part  of  the  quarry  at  the  northern  end  of  the  ledge  28 
feet  of  the  coarse,  massive  sandstone  is  shown,  which  has  weathered  on 
the  faces  to  a  dark-gray  color.  The  upper  part  of  the  cliff  shows 
marked  and  coarse  cross-bedding. 

Well  Sections  in  the  Akron-Barberton  District. — A  well  drilled 
some  years  ago  in  the  Sixth  Ward  of  Akron  by  the  Akron  Sewer-Pipe 
Works  was  described  by  Dr.  Ortom  and  its  record  may  be  represented 
diagrammatically  as  follows: 

>Geol.  Surv.  Ohio,  Vol.  VI,  1888,  pp.  357,  358. 
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Akron  Well  Section. 
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0' 
50' 
90' 

263' 

2125' 
2460' 


50' 


40' 


170 


1862' 


335' 


Drift 

Sharon  conglomerate 
Cuyahoga  blue  shale 
Berea  grit 

Bedford  shale 
Cleveland,  Chagrin  and 
Huron  shales,  which  equal  the 
Ohio  shale 

Devonian  limestones 

Monroe  formation 
An  appearance  of  sand  in 
the  deepest  drillings 


At  Kenmore  is  the  plant  of  the  Colonial  Salt  Company,  and  through 
the  kindness  of  Mr.  Elmer  Turner,  vice-president  and  treasurer  of  the 
company,  samples  were  saved  of  the  drillings  from  a  well  put  down  in 
1902.  The  drillings  were  thoroughly  washed  and  dried;  and  later  samples 
of  them  were  packed  by  Dr.  Clinton  R.  Stauffer  and  sent  to  the  writer 
for  study.  Unfortunately,  in  some  parts  of  the  well,  samples  were 
not  saved  sufficiently  close  together  to  enable  one  to  indicate  the  line 
of  division  between  certain  formations;  still  it  is  altogether  an  interest- 
ing and  valuable  record.  The  label  on  the  first  sample  reads  "15  to  42 
feet,"  which  is  the  plan  followed  in  marking  all  the  samples  from  this 
well;  consequently  it  is  impossible  to  state  from  what  part  of  each  zone 
the  sample  was  taken. 


Section  of  the  Colonial  Salt  Company's  Well  at  Kenmore. 


No. 


1. 


Description  of  sample. 


Thick- 
ness Total 

of  zone,  depth. 

Feet.  Feet. 

First  15  feet  probably  drift.     No  sample  furnished 15  15 

Sharon  conglomerate.     Sand,  white  quartz  and  other  peb- 
bles      27  42 

Cuyahoga  terrane.  Gray  to  bluish,  argillaceous  to  finely 

arenaceous  chips,  which  are  rather  coarse 14  56 

Rather  fine-grained,  gray  sandstone,  composed  largely  of 

fine,  white  quartz  grains.  No  effervescence  in  HCL__  14  70 

Mainly  bluish-gray,  argillaceous  shale 12  82 

Mainly  gray  to  bluish-gray,  argillaceous  shales  in  fine 

chips.  Some  chips  are  coarser  and  arenaceous 158  240 

Bluish,  rather  soft,  argillaceous  shale                                 .__     25  265 
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Thick- 
ness      Total 

No.  Description  of  sample.  of  zone,  depth. 

Feet.    Feet. 

7.  Mainly  blackish  or  bluish,  argillaceous  shale,  with  brown- 

ish   streak.     Some     gray,     finely     arenaceous     chips, 

wrhich  are  perhaps  from  the  Berea  grit 75      340 

8.  Berea  grit.     Mainly   chips   of   gray,    fine-grained,    quartz 

sand.     A  few  chips  of  bluish,  argillaceous  shale 20      360 

9.  Bedford  formation.     Mainly  bluish  to  bluish-gray,  argilla- 

ceous or  somewhat  arenaceous    chips.     Certain    ones 

are  slightly  calcareous 100      460 

10.  Gray  to  bluish-gray,   coarse  chips,   apparently  from  the 

Chagrin  formation.     No  black  chips  representing  the 
Cleveland  shale  were  saved 140      600 

11.  Large  chips  of  blue,  argillaceous  shale 100      700 

12.  Bluish  to  blackish,  argillaceous  shale,  soapy  to  the  touch 

with  white  to  somewhat  brownish  streak l  200      900 

13.  Bluish,  argillaceous  shale,  soapy  to  the  touch,  with  white 

to  somewhat  brownish  streak 65      965 

14.  Black  shale  with  brown  streak.     Most  of  the  chips  are 

rather  fine.    Huron  shale;  but  perhaps  not  all  of  the 

zone  is  so  black  a  shale 455      1420 

15.  Large  chips  of  black  or  blackish  shale,   with  brownish 

streak;  but  an  occasional  chip  with  whitish  streak 100      1520 

16.  Blue,  argillaceous  shale,  very  soft  and  somewhat  calca- 

reous   275      1795 

17.  Bluish-black  to  blackish  shale;  streak  mostly  white,  but 

occasionally  slightly  brownish    255      2050 

18.  Devonian   limestone.     Gray   chips,    effervescing  strongly 

in  cold  HC1.     Contains   a  considerable  percentage  of 

black  shale  chips,  probably  from  higher  in  the  well  ._     80      2130 

19.  Mainly  gray  to  slightly  brownish-gray  limestone  chips, 

effervescing    strongly    in    cold    HC1.     Some    blackish 

shale  10      2140 

20.  Light-gray  chips,  which  effervesce  very  strongly  in  cold 

HC1 10      2150 

21.  Light  gray  to  drab,  compact  limestone  chips,  which  effer- 

vesce readily  in  cold  HC1 160      2310 

22.  Chips  much  the  same   as    above  sample,   slightly  more 

brownish,  but  effervescing  rather  strongly  after  a  little 

time  in  cold  HC1 80      2390 

23.  Sylvania    sandstone     (?).      Sample    composed  mainly    of 

rounded  grains  of  white  quartz  sand.      A  few  grains  of 
limestone,  effervescing  in  cold  HC1 8      2398 

24.  Chips  very  fine,  part  of  them  effervescing  readily  in  cold 

HC1,  and  part  are  fine  quartz  grains 10      2408 

25.  Chips  very  fine,  brownish-gray,  and  effervesce    strongly 

in  cold  HC1.     A  few  chips  of  black,  argillaceous  shale 

from  above  34      2442 

26.  Mainly  fine,  brownish-gray  chips,  which  effervesce  slowly 

in  cold  HC1.     A  few  large  chips  of  bluish-gray  shale.  __     10      2452 

27.  Fine,  light-gray  chips,  which  effervesce  very  slowly  in  cold 

HC1 23      2475 

28.  Fine  chips,  mostly  darker  gray  than  above  sample,  which 

effervesce  strongly  in  cold  HC1.     An  occasional  larger 

chip  of  dark  gray  limestone 75      2550 


GEOLOGICAL  SURVEY  OF  OHIO.  175 

Thick- 
ness      Total 

No.  Description   of   sample.  of  zone,  depth. 

Feet.     Feet. 

29.     Brownish-gray,   fine   chips,   effervescing  strongly   in  cold 

HC1 42      2592 

f.  ^::;;}D— — ---{ s  ™ 

32.  Very  fine  chips,   effervescing  somewhat  strongly  in  cold 

HC1.      Some  salt  in  the  sample 52      2752 

33.  A  sample  marked  2752  feet,  consists  mainly  of  chips  of  clear 

white  halite  (rock  salt).     Bottom  of  well. 

The  samples  from  the  above  well  apparently  indicate  that  the  base 
of  the  Sharon  conglomerate  was  reached  at  a  depth  of  42  feet  and  the 
base  of  the  Cuyahoga  terrane  at  a  depth  of  340  feet,  giving  the  Cuyahoga 
a  thickness  of  298  feet.  This  is  128  feet  greater  than  in  the  well  at  Akron 
where  Dr.  Orton  reported  the  thickness  of  the  Cuyahoga  blue  shale  as 
170  feet1  but  it  agrees  fairly  well  with  the  writer's  estimates  of  its 
thickness  in  the  Cuyahoga  Valley.  As  has  already  been  stated  in  this 
bulletin  in  the  YellowT  Creek  region  the  thickness  of  the  Cuyahoga  terrane 
apparently  lies  between  285  and  310  feet  and  in  the  Cuyahoga  Gorge 
between  250  and  about  270  feet.  The  Cleveland  shale,  Chagrin  forma- 
tion and  Huron  shales  of  northern  Ohio  are  considered  the  equivalent 
of  the  Ohio  shale  of  central  and  southern  Ohio,  and  in  the  Kenmore  well 
the  thickness  of  this  shale  together  with  that  of  the  overlying  Bedford 
formation  is  1,690  feet,  or  172  feet  less  than  that  of  the  same  formations 
in  the  Akron  well,  which  Dr.  Orton  reported  as  1,862  feet  in  thickness. 
The  sandstone  reached  at  a  depth  of  2,390  feet  or  340  feet  below  the 
top  of  the  Devonian  limestone  apparently  corresponds  with  the  first 
sandstone  reached  in  the  Cleveland  wells  which  has  been  provisionally 
correlated  with  the  Sylvania  sandstone.  In  the  Cleveland  wells  it  will 
be  remembered  that  this  sandstone  was  reached  at  a  depth  of  310  feet 
in  the  Newburg,  364  feet  in  the  Jewett  farm,  372  feet  in  the  Euclid, 
375  feet  in  the  Second  and  Central  avenues  and  390  feet  in  the  Madison 
Avenue  below  the  top  of  the  Devonian  limestone ;  while  in  the  Akron  well 
Dr.  Orton  reported  the  appearance  of  sand  at  its  bottom,  at  a  depth  of 
335  feet  below  the  top  of  the  Devonian  limestone.  Its  thickness, 
however,  has  decreased  markedly  from  that  in  the  Cleveland  wells. 
There  is  clearly  8  feet  of  the  sandstone  in  the  Kenmore  well  to  which 
perhaps  part  of  the  following  10-foot  zone  ought  to  be  added,  making 
not  more  than  12  to  14  feet  of  sandstone.  In  the  Newburg  well  40  feet 
of  sandstone  was  reported,  in  the  Madison  Avenue  33  feet  of  white 
sandstone  followed  by  11  feet  of  limestone,  below  which  was  again  16 
feet  of  white  sandstone,  making  a  total  of  60  feet  of  sandstone  and  sandy 
strata,  while  in  the  well  at  the  corner  of  Second  and  Central  avenues 
there  is  55  feet  of  glassy  quartz  sandstone  followed  by  40  feet  which  is 
composed  partly  of  sand  but  to  a  greater  extent  of  limestone,  making 
a  total  of  95  feet  of  sandstone  and  sandy  strata.  The  interval  from  the 
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top  of  the  Devonian  limestone  to  the  top  of  the  salt  in  the  Kenmore 
well  is  542  feet,  which  is  less  than  in  the  Cleveland  wells.  In  the  New- 
burg  well  this  interval  is  640  feet,  in  well  No.  4  of  the  United  Salt  Com- 
pany, at  the  foot  of  Madison  Avenue,  775  feet  and  in  the  one  at  the  corner 
of  Second  and  Central  avenues  792  feet.  The  interval  from  the  base 
of  the  8-foot  sandstone  zone  in  the  Kenmore  well  to  the  top  of  the  salt 
is  194  feet;  while  108  feet  of  rock  salt  apparently  occurs  commencing 
at  a  depth  of  2,592  feet  and,  after  an  interval  of  52  feet  of  limestone, 
rock  salt  is  again  apparently  reached  at  a  depth  of  2,752  feet  at  the 
bottom  of  the  well.  In  the  Newburg  well  164  feet  of  rock  salt  with  some 
thin  bands  of  shale  was  reached  at  a  depth  of  1,990  feet;  96  feet  deeper 
50  feet  of  rock  salt  was  passed  through;  at  an  additional  depth  of  100 
feet  another  zone  of  rock  salt  20  feet  thick  was  penetrated  and  finally 
50  feet  deeper  5  feet  more  of  rock  salt  occurred,  making  a  total  thickness 
of  about  239  feet  of  rock  salt  in  this  well.  In  well  No.  4  of  the  United 
Salt  Company  at  the  foot  of  Madison  Avenue,  rock  salt  was  reached 
at  a  depth  of  1,765  feet  and  five  layers  give  a  total  thickness  of  170  feet; 
while  well  No.  5  of  the  same  company,  located  in  the  vicinity  of  the  one 
noted  above,  likewise  passed  through  five  strata  of  rock  salt  with  a 
total  thickness  of  145  feet.  Rock  salt  in  the  well  at  the  corner  of  Second 
and  Central  avenues  was  reached  at  a  depth  of  1,822  feet  and  four 
strata  were  reported  with  a  total  thickness  of  97  feet. 

A  condensed  diagrammatic  section  of  the  Kenmore  well  showing 
the  general  age  of  the  formations,  so  far  as  it  can  be  determined  from  the 
samples,  is  given  below: 

Condensed  Record  of  Kenmore  Well. 
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Salina  beds  of  New 
York 
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There  are  several  wells  in  Barberton  and  the  Columbia  Chemical 
Company  has  drilled  eleven.  Well  No.  1  of  this  company  was  drilled  in 
1899,  a  partial  record  of  which  was  furnished  the  writer  by  Mr.  H.  A. 
Gait,  the  General  Manager,  while  the  complete  log  has  been  published  by 
Professor  Bownocker.i  A  condensed  .record  in  diagrammatic  form  of 
this  well  is  given  below: 

Condensed  Record  of  Barberton  Well. 
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Probably  represents  the 
Monroe  formation  or 
Salina  beds  of  New 
York 
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The  lowest  zone  in  Professor  Bownocker's  record  was  given  as 

"lime  107  ft;"1  but  in  the  record  furnished  by 

Mr.  Gait  it  consists  of  an  upper  limestone  of  49  feet  separated  by  14 
feet  of  rock  salt  from  the  44-foot  lower  limestone  as  shown  in  the 
above  record. 

Barberton  Well  No*  \\>— Mr.  H.  A.  Gait  kindly  furnished  the  writer 

with  a  partial  set  of  drillings  and  the  driller's  log  of  well  No.  11,  which  is 
as  follows. 

Sand  from  surface,    78  ft.,  10-inch  drive  pipe from       0  ft.  to      78  ft 

Black  shale,               12",   water  in  the  upper  5  ft__  "  78"     "      90" 

White  shale,                5  ",  more  water "  90"     "      95" 

Black  slate,             171"  ....  "  95  "  "    266  " 
266  feet  of  8f-inch  casing,  which  shut  off  all 

fresh  water. 

White  slate,   204ft. "  266  "  "    470  " 

Black  slate,     30"     "  470"  "    500" 

White  slate,   550  "     «  500"  "1050" 

Black  slate,    200" "  1050"  "1250" 

White  slate,   150"     "  1250"  "1400" 

Black  slate,      50"     '. «  1400"  "1450" 

White  slate,     50"     «  1450"  "1500" 

Black  slate,    375"     . "  1500"  "1875" 

White  slate,   150"     "  1875"  "2025" 

Brown  slate,  155  "     "  2025"  "2180" 

Gray  lime,      305"     "  2180"  "2485" 

At  2180  is  the  top  of  the  Niagara  lime  = 

Devonian  limestone. 

Gray  lime,        50"     "  2485"  "2535" 

2485  feet  is  at  top  of  bittern  water. 

Brown  lime,   204  "     "  2535"  "2739" 

Put  in  2535  ft.  of  6-in.  casing,  with  packer  on  bottom. 

1st  salt,            32"     «  2739"  "2771" 

Brown  lime,     10"     "  2771"  "2781" 

2dsalt,               5"     "  2781"  "2786" 

Brown  lime,       5"     "  2786"  "2791" 

3rd  salt,            82"     "  2791"  "2873" 

White  slate,     62"     "  2873"  "2935" 

4th  salt,            10" "  2935"  "2945" 

Brown  lime,     15"     «  2945"  "2960" 

5th  salt,            10"     "  2960"  "2970" 

Brown  lime,     30"     . "  2970"  "3000" 

6th  salt,           30"     "  3000"  "3030" 

Brown  lime,     10"     "  3030"  "3040" 

7th  salt,           25"     "  3040"  "3065" 

Brown  lime,       7"     "  3065"  "3072" 

White  slate,     26"     «  3072"  "3098" 

Gray  sand,       10"     "  3098"  "3108" 

White  slate,     17"     "  3108"  "3125" 

Brown  lime,     75"     "  3125"  "3200" 

8th  salt,             8  "  "  3200  "  "  3208  " 


'Ibid.,  p.  375. 


GEOLOGICAL  SURVEY  OF  OHIO.  179 

Brown  lime,     92  ft from  3208  ft .  to  3300  ft . 

White  slate,     12  «     "     3300"     "3312" 

Brown  lime,     38  «     *    3312"     «  3350  « 

White  lime,      10"     «    3350"     "3360" 

Brown  lime,     65"     --  "    3360"     "3425" 

Total  depth  of  well,  3425  feet. 

Eleven  samples  of  the  drillings  from  this  well  were  sent  the  writer 
by  Mr.  Gait,  upon  which  the  depths  were  marked  as  given  below: 

No.  Description.  Depth. 

1.  Soft,  argillaceous  shale,  which  is  of  drab  or  dark 

gray  to  blackish  color.  An  occasional  sand- 
stone chip 78  to  400ft. 

2.  Mainly  dark  gray  to  blackish,   argillaceous  shale. 

Some  is  drab  or  light-gray  in  color 400    "      875" 

3.  Black  or  dark  gray,  argillaceous  shale,  the  black 

with  a  brown  streak 875  "  1200" 

4.  Black,  argillaceous  shale  with  brown  streak 1200  "  1475" 

5.  Light-gray  shale  with  white  streak,  rather  tough.  __  1475  "  1800" 

6.  Rather  tough,  black  shale,  with  brown  streak 1800  "  2180" 

7.  Top    of    Devonian    limestone.     Light-gray    chips, 

which  effervesce  strongly  in  cold  dilute  HC1. 

Some  chert  chips 2180    "    2300" 

8.  Light-gray    limestone,    which    effervesces    moder- 

ately in  cold  HC1.  Some  of  the  chips  are  rather 

large  2300    "    2410  " 

9.  Fine,  brownish  chips,  which  effervesce  strongly  in 

cold  HC1.     "Showing  of  oil  and  gas." 2410    «    2535  " 

10.  Rather    bluish-gray,    fine    chips,    which    effervesce 

slowly  in  cold  HC1,  leaving  large  residue.  Some 
crystals  of  selenite.  Top  of  first  salt  at  2739 
feet 2535  "  2739" 

11.  Brownish-gray,  fine  chips,  which  after  a  little  effer- 

vesce  strongly   in   cold   HC1.     Sample   from    a 

depth  of  3425  feet,  the  bottom  of  the  well 3425  " 

It  is  interesting  to  note  that  according  to  the  reports  the  top  of  the 
Devonian  limestone  was  reached  in  both  Nos.  1  and  11  of  the  Barberton 
wells  at  a  depth  of  2,180  feet.  In  well  No.  1  at  a  depth  of  2,774  feet, 
594  feet  below  the  top  of  the  Devonian  limestone,  the  first  rock  salt 
was  reached,  while  in  well  No.  11  it  was  only  559  feet  or  at  a  total  depth 
of  2,739  feet.  The  same  interval  in  the  Kenmore  well  is  542  feet. 
In  well  No.  1  four  layers  of  salt  were  penetrated  with  a  total  thickness  of 
118  feet;  in  No.  11  the  first  four  layers  have  a  total  thickness  of  129  feet 
below  which  four  more  layers  were  penetrated  with  a  thickness  of  73 
feet,  making  a  total  thickness  of  202  feet  of  salt  in  this  well.  The  two 
upper  layers  of  salt  in  the  Kenmore  well  have  a  combined  thickness 
of  108  feet. 
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Well  No.  11  is  the  most  interesting  in  some  respects  of  any  of 
these  wells  on  account  of  its  depth.  In  it  rock  salt  was  first  reached 
at  a  depth  of  2,739  feet  while  the  bottom  of  salt  No.  8,  and  the  lowest, 
was  reached  at  3,208  feet,  1,028  feet  below  the  top  of  the  Devonian 
limestone,  giving  a  total  thickness  of  469  feet  for  the  strata  in  which  the 
salt  occurs,  of  which  202  feet  or  nearly  one-half  the  thickness  is  rock 
salt.  The  well  was  drilled  to  a  depth  of  3,425  feet,  217  feet  below  the 
bottom  of  the  lowest  salt  bed,  apparently  without  reaching  the  bottom 
of  the  Monroe  formation.  If  this  be  correct,  then  the  thickness  of  the 
Devonian  limestones  and  Monroe  formation  in  the  Barberton  region  is 
greater  than  1,245  feet. 


CHAPTER    II 
THE  CHAGRIN  VALLEY 

The  first  river  east  of  the  Cuyahoga  is  the  Chagrin  which  rises  in 
the  northern  central  part  of  Geauga  County  and  flows  southwesterly 
until  near  the  center  of  the  township  of  Chagrin  Falls  in  the  eastern 
part  of  Cuyahoga  County,  where  it  turns  northerly  and  flows  across 
the  extreme  eastern  part  of  Cuyahoga  County  and  western  part  of 
Lake  County,  emptying  into  Lake  Erie.  Below  Chagrin  Falls  it  is 
frequently  bounded  by  steep  hills  on  one  or  both  sides,  with  occasional 
precipitous  cliffs.  This  picturesque  valley,  which  is  attractive  to  the 
admirer  of  nature  as  well  as  to  the  geologist,  is  easily  reached  from  Cleve- 
land by  means  of  three  electric  lines  and  two  railways.  Near  the  north- 
ern end  of  the  valley  is  the  village  of  Willoughby,  which  is  readily 
reached  by  the  Lake  Shore  &  Michigan  Southern  and  New  York,  Chic- 
ago &  St.  Louis  railroads  and  the  Cleveland,  Painesville  &  Eastern 
electric  line.  Gates  Mill  near  the  middle  of  its  northern  course  is  on  the 
Cleveland  &  Eastern  division  of  the  Eastern  Ohio  Traction  Company, 
and  this  attractive  locality  is  well  known  as  a  suburban  and  summer 
resort  for  Cleveland  people.  Finally,  Chagrin  Falls  and  the  southern 
part  of  the  river  gorge  is  on  the  Chagrin  Falls  division  of  the  Eastern 
Ohio  Traction  Company  in  a  picturesque  region  for  a  summer  outing  and 
one  of  decided  attractiveness  for  the  geologist. 

The  Chagrin  Bluffs  Above  Willoughby. — On  the  eastern  side  of  the 
Chagrin  River,  about  one  and  one-half  miles  above  Willoughby,  opposite 
Mr.  Bunnell's  farm  and  just  below  the  iron  highway  bridge,  which  is 
the  first  one  above  the  village,  is  a  bank  of  the  Chagrin  formation, 
perhaps  nearly  100  feet  in  height.  The  lower  part  is  composed  of 
bluish,  argillaceous  shales  with  numerous  grayish,  calcareous  layers 
which  weather  on  the  surface  to  a  rusty  brown  color.  These  layers 
vary  from  about  one-half  inch  to  rather  more  than  an  inch  in  thickness 
and  tend  to  form  somewhat  concretionary  lenses.  A  rather  careful 
search  for  fossils  was  made  in  the  lower  rocks  of  this  cliff;  but  without 
success.  On  the  western  side  of  the  river,  commencing  a  short  dis- 
tance above  the  highway  bridge,  is  another  high  cliff  of  the  Chagrin 
formation.  From  this  cliff  one  piece  of  a  calcareous  layer  was  found 
that  contained  several  poorly  preserved  specimens  of  Liorhynchus 
mesicostale  Hall  (?)  together  with  others  of  what  Lesquereux  considered 

(181) 
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as  probably  marine  algae  which  he  described  under  the  name  of  Physo- 
phycus  bilobatus  from  cliffs  bordering  Lake  Erie,  near  Cleveland. »  These 
specimens  do  not  agree  exactly  with  the  figures  of  this  species.  The 
ends  are  not  rounded  in  quite  the  same  fashion  as  the  figures  and  the 
divided  portion  varies  somewhat  in  shape.  The  specimens  occur  on 
argillaceous,  ironstone  concretions  in  a  similar  manner  to  those  de- 
scribed by  Lesquereux  and  it  appears  advisable  to  refer  them  with  a 
query  to  this  species  rather  than  to  describe  such  problematical  forms 
as  new.  An  occasional  specimen  of  apparently  the  same  form  was  found 
in  the  concretions  imbedded  in  the  shales  below  the  bridge.  These 
rocks  weather  into  smooth  cliffs  and  apparently  belong  stratigraphically 
in  the  lower  division  of  the  Erie  shales  as  they  were  described  and  divided 
by  Dr.  Newberry  in  the  vicinity  of  Cleveland.2  The  upper  portion  of 
the  cliffs  as  seen  from  the  river  apparently  contain  thin-bedded  layers 
of  sandstone  alternating  with  shales  and  probably  belong  in  the  lower 
part  of  Newberry's  upper  division  of  the  Erie  shale  which  he  described 
as  composed  of  soft  green,  gray  and  blue  shale  with  thin  bands  of  sand- 
stone. 

High  banks  occur  occasionally  as  the  Chagrin  River  is  ascended 
and  about  four  miles  above  Willoughby  is  a  magnificent  cliff  on  the 
eastern  side  of  the  river.  This  cliff  is  about  one  mile  below  Pleasant 
Valley,  opposite  the  house  of  John  Dodd,  and  is  100  feet  or  more  in 
height.  The  rock  weathers  to  a  comparatively  smooth  surface  and  at 
a  distance  looks  like  a  clay  bank.  A  view  of  this  bank,  photographed 
at  some  distance,  is  shown  in  Plate  XVI,  A,  which  gives  an  excellent 
idea  of  these  smooth,  steep  cliffs  of  Chagrin  shale,  somewhat  furrowed 
by  descending  rills. 

These  banks  along  the  Chagrin  River  are  the  typical  locality  for 
the  Chagrin  formation  as  the  following  quotation  from  the  writer's 
original  description  shows: 

"The  name  Chagrin  formation  is,  therefore,  proposed  for  this  mass 
of  argillaceous  and  arenaceous  shales  and  calcareous  layers  on  account 
of  the  excellent  exposures  on  the  banks  of  this  river  extending  from 
Willoughby  to  the  south  of  Pleasant  Valley.  With  perhaps  the  excep- 
tion of  the  cliffs  on  the  shore  of  Lake  Erie,  there  are  probably  no 
finer  outcrops  of  the  formation  to  be  found  than  those  forming  the  steep 
banks  of  the  Chagrin  River.  One  and  one-half  miles  south  of  Willoughby 
is  a  cliff  nearly  a  hundred  feet  high,  and  a  magnificent  one  more  than  a 
hundred  feet  high  occurs  a  mile  below  Pleasant  Valley,  about  four  miles 
up  the  river  southeast  of  Willoughby."3 

'Proe.  U.  S.  Nat.  Mus.,  Vol.  XIII,  1890,  p.  9. 
2Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  163. 

'Jour.  Geology,  Vol.  XI,  1903,    pp.  533,  534.    Also  see  Geol.  Surv.  Ohio,  4th 
ser.,  Bull.  No.  7,  1905,  pp.  21,  22. 


GEOLOGICAL  SURVEY  OP  OHIO.  183 

On  the  bank  of  the  Chagrin  River  at  Pleasant  Valley  the  bluish 
soft  shale  of  the  Chagrin  formation  is  well  shown  and  there  is  also  a 
big  fill  of  glacial  clay  and  sand.  A  little  above  Pleasant  Valley  is  a 
fairly  high  cliff  of  the  Chagrin  formation  and  then  lower  banks  prevail 
until  near  Gates  Mill.  At  this  latter  locality,  however,  it  is  only  the 
lower  part  of  the  cliff  that  belongs  in  the  Chagrin  formation. 

Wilson  Mills  Sections* — Three  and  one-half  miles  above  Pleasant 
Valley  is  the  small  village  of  Wilson  Mills,  formerly  called  Macksville, 
and  for  some  distance  below  and  above  it  there  is  a  valley  of  some 
width  limited  in  the  main  by  hills  of  more  gradual  ascent.  About 
opposite  the  village  the  western  bank  of  the  Chagrin  River  is  rather 
abrupt  and  perhaps  about  25  feet  of  Chagrin  shale  is  shown.  On  the 
same  side  of  the  river,  and  a  little  below  this  bank,  Sherman  Creek 
enters  from  the  west,  one  fork  of  which  rises  near  the  center  of  the 
township  to  the  west  of  the  hamlet  called  Mayfield  Center.  The  low- 
est outcrops  in  this  stream  occur  a  few  rods  above  the  river  road  and 
consist  of  blue  argillaceous  shale  which  weathers  to  an  olive  color  with 
layers  of  blue,  thin-bedded  sandstone  from  1  inch  to  3  inches  in  thick- 
ness. From  12  to  13  feet  of  rocks,  which  belong  in  the  Chagrin  formation, 
are  exposed  at  this  point.  The  base  of  this  outcrop  is  barometrically 
25  feet  above  the  level  of  the  Chagrin  River  and  180  feet  below  the 
top  of  the  formation.  On  ascending  the  stream,  95  feet  higher  than  the 
base  of  the  outcrop  just  described,  a  layer  of  blue  shaly  sandstone  1  foot  2 
to  1  foot  3  inches  in  thickness,  which  weathers  to  a  rusty  color,  is  reached. 
Still  85  feet  higher  or  180  feet  above  the  lowest  outcrop,  in  a  small  gully 
on  the  southern  side  of  the  stream,  is  the  contact  of  the  Chagrin  formation 
and  Cleveland  shale.  There  is  a  sharp  transition  from  the  bluish-gray 
shales  of  the  Chagrin,  which  in  the  upper  part  are  rather  sandy  with 
thin  layers  of  blue  sandstone,  to  the  black,  bituminous  shales  of  the  Cleve- 
land. A  layer  of  blue  sandstone  about  1  inch  thick  occurs  in  the  Chagrin 
only  3^  feet  below  the  line  of  contact.  The  bank  is  a  difficult  one  to 
climb;  but  apparently  more  than  20  feet  of  Cleveland  shale  is  shown 
on  it,  which  agrees  with  Dr.  Newberry's  statement  that  "In  a  ravine 
just  below  Macksville,  the  black,  Cleveland  shale  is  exposed  *  *  * 
apparently,  but  23  feet  in  thickness. "i  A  little  farther  up  the  stream, 
however,  on  its  northern  bank  the  limits  of  the  Cleveland  shale  are 
better  defined  where  both  the  barometer  and  hand-level  made  its  thick- 
ness 30  feet.  Here  there  is  apparently  a  rather  strong  dip  down  stream 
to  the  east.  The  section  of  the  northern  bank  of  the  stream  at  this 
locality  is  as  follows: 

'Geol.  Surv.  Ohio  Vol.  I,  pp.  199,  200. 
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Section  on  Bank  of  Sherman  Creek. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

7.     Sandstone  of  B edford  __ 

6.     Shale  __         __     . 

5.  Blue  sandstone __          5  39 — •     __ 

4.  Mostly   covered   zone,   but   a  little   bluish 

shale  is  shown  at  the  top;  probably  all 

in  the  Bedford  3          8  38          6 

3.  Cleveland   shale.     Black,    tough    and   bitu- 

minous, 30  feet  clearly  shown  on  steep 

bank   30        __  34        10 

2.  Chagrin  formation.     Soft,  blue  shales, which 

form  the  highest  zone  of  this  formation.      2        10  4        10 

1.  Blue    shales,    alternating    with    thin    blue 

sandstones,  about  1  inch  thick,  to  the 

stream  level  2=*=     ._  2 

The  Cleveland  shale  is  finely  shown  on  the  banks  of  the  stream, 
above  the  section  just  described,  and  in  the  lower  part  of  the  cascade, 
above  which  is  shown  the  lower  portion  of  the  Euclid  member  of  the 
Bedford  formation.  The  sandstone  forms  the  floor  of  the  stream 
under  the  highway  bridge  opposite  the  house  of  F.  and  B.  Worts  on  the 
road  running  north  from  Mayfield  Center,  which  is  apparently  its 
highest  outcrop  on  this  stream.  The  Cleveland  shale  was  leveled  from 
its  base  in  the  stream  to  its  top  in  the  cascade  which  gave  a  thickness 
of  25  feet  8  inches.  This  measurement  is  probably  a  little  greater  than 
the  actual  thickness,  the  error  due  to  the  dip  down  stream.  The  follow- 
ing section  was  measured  in  the  stream  from  the  base  of  the  Cleveland 
shale  to  the  top  of  the  sandstone  under  the  highway  bridge: 

Section  on  Sherman  Creek. 

Thickness.  Total 

No.  Thickness. 

Ft.         In.  Ft.  In. 

6.  Euclid  member  of  Bedford  formation.   The 

top  of  the  sandstone  forms  the  floor  of 
the  stream  under  the  highway  bridge. 
Sandstone  alternating  with  shale.  The 
sandstones  of  this  zone  are  thicker  than 
those  in  the  zones  below 89  36  4 

5.  Shale 4  27          7 

4.  Sandstone 1  27          3 

3.  Bluish-gray  shale 1          3  27          2 

2.  Compact  sandstone  of  bluish-gray  color  at 

the  base  of  which  is  the  contact  of  the 

Bedford  formation  and  Cleveland  shale.     ._          3  25        11 
1.     Cleveland     shale.     Black,     tough,     bitumi- 
nous shale.     The  contact  with  the  Cha- 
grin formation  is  clearly  shown 25          8  25          8 
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The  rocks  exposed  on  this  stream  may  be  represented  by  the  follow- 
ing diagrammatic  section  in  which  below  the  Cleveland  shale  the  out- 
crops are  not  continuous  and  there  are  various  covered  zones: 


Section  of  Sherman  Creek. 
245 § '  Top  of  section  under  highway  bridge 


Lower  part  of  Euclid  member  of  Bedford  formation 
Sandstones  with  bluish-gray  shale 

Cleveland  shale,  black  and  bituminous 

Chagrin  formation. 

Blue,    argillaceous    shales,    with    thin    sand- 
stones; but  part  of  interval  covered 
About  13  feet  of  shales  shown  at  base  of  zone 

Covered  to  level  of  Chagrin  River 


10  '8" 

9ft  ^  ' 

30' 

25' 

180' 

0' 

25' 

To  the  southeast  of  Wilson  Mills  is  a  glen  known  as  Fletcher's 
Gully,  the  stream  from  which  crosses  the  highway  about  40  rods  south 
of  the  village.  The  glen  is  back  of  the  house  of  Mrs.  M.  M.  Covert 
on  the  river  road  and  on  the  S.  E.  Higgins  farm.  It  is  a  rather  romantic 
locality  with  walls  in  places  175  feet  or  more  in  height  and  was  mentioned 
in  Dr.  Newberry's  report  on  Cuyahoga  County.1  The  gully  was  exam- 
iend  somewhat  hastily  and  the  following  section  has  been  prepared 
which  extends  to  the  upper  road. 


Section  of  Fletcher's  Gully. 


No. 

6. 


5. 


Total 

Thick-  thick- 
ness, ness. 
Feet.  Feet. 


Sunbury  shale.  On  the  wash  bank,  below  the  highway,  a 
few  rods  northeast  of  the  farm-house  of  Mr.  S.  Quigley, 
are  broken  and  weathered  bits  of  black  shale,  evi- 
dently from  the  Sunbury 

Berea  formation.  The  top  of  the  formation  is  shown  in 
the  stream  at  the  top  of  the  upper  cascade  at  the  old 
dam,  just  above  the  site  of  the  old  sawmill.  A  few 
rods  below  the  house  of  S.  Quigley  is  an  old  quarry  on 
the  northern  bank  of  the  stream,  in  the  upper  layers  of 
the  formation,  which  have  weathered  to  a  rusty  color. 
Below  this  quarry  is  the  beginning  of  the  gorge 
where  the  stream  has  cut  through  the  greater  part  of 
the  Berea  sandstone  and  falls  over  the  lower,  thick 
layers.  Some  of  the  Berea  above  the  coarse,  basal 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

layers,  as  shown  in  the  cliffs,  is  thin-bedded,  not  valu- 
able for  quarrying  and  there  is  also  some  cross-bed- 
ding. The  top  of  the  cliff  on  the  northern  bank,  above 
the  falls,  is  rough  and  pitted  like  the  general  appear- 
ance of  the  top  layer  of  the  Berea.  The  lowest,  heavy 
layer  in  the  falls  is  5  feet  9  inches  in  thickness,  com- 
posed of  coarse,  quartz  grains  and  shows  numerous 
brownish  spots.  These  lower,  heavy  layers  are  appar- 
ently of  good  quality  and  have  been  quarried  to 
slight  extent  in  the  creek  at  the  fall.  From  the  base 
of  the  lowest,  massive  layer  to  the  top  of  the  highest 
one  on  the  cliff  above  the  fall,  is  55  feet  by  the  barom- 
eter, and  54  feet  by  hand-level.  There  is  absolutely 
no  question  but  that  all  of  this  interval  ought  to  be  put 
in  the  Berea  formation,  which  gives  it  a  greater  thick- 
ness by  14  feet  than  in  Dean's  Gully,  only  1|  miles 
farther  south.  Below  the  massive,  coarse-grained 
layer  is  a  6-foot  zone,  varying  from  arenaceous  shales 
to  thin  layers  of  sandstone,  the  thickest  one  about  3 
inches;  but  most  of  them  not  more  than  2  inches  or  less 
in  thickness.  The  thin  sandstones  in  the  upper  part 
of  this  zone  show  numerous  ripple-marks,  and  are  com- 
posed largely  of  fine,  quartz  grains.  At  the  base 
is  a  layer  1  foot  thick,  of  bluish-gray,  fairly  fine- 
grained sandstone;  but  apparently  a  considerable  per- 
centage of  the  rock  is  composed  of  fine,  quartz  sand. 
The  lowest  1-foot  sandstone  greatly  resembles,  litho- 
logically,  the  lowest  sandstones  referred  to  the  Berea 
formation  in  Griswold  Hollow  and  Big  Creek,  on  the 
Stone  farm  to  the  north  of  Chardon,  which  are  de- 
scribed farther  on  in  this  bulletin.  It  is  believed  to  be 
better  to  include  this  lower  7-foot  zone  in  the  Berea 
rather  than  in  the  Bedford  formation,  which  will  give 
the  Berea  a  thickness  of  61  feet  in  this  section.  It  is 
thought  that  Dr.  Newberry  referred  this  shaly  zone  to 
the  Berea,  for  he  stated  that  in  Fletcher's  Gully  "the 
Berea  has  a  thickness  of  about  60  feet,  the  upper  por- 
tion thin-bedded  as  usual,  and  the  whole  resting  upon 

gray  shale."'    61       369 

[Since  this  gully  was  studied  and  the  above  ac- 
count written,  additional  examination  of  the  sections 
in  Griswold  Hollow  and  Big  Creek,  on  the  Stone  farm, 
has  convinced  the  writer  that  the  fine-grained  sand- 
stones which  at  first  were  considered  the  basal  part  of 
the  Berea,  really  belong  in  the  Bedford  formation.  It 
is  quite  probable  that  part,  if  not  all,  of  the  7-foot  zone 
referred  to  the  base  of  the  Berea  in  this  section  belongs 
in  the  Bedford  formation.  If  this  be  correct,  then  the 
thickness  of  the  Berea  will  be  reduced  to  54  feet  and 
that  of  the  Bedford  increased  to  112  feet.] 


'Ibid.,  p.  200. 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

4.  Bedford  formation.  The  1-foot  sandstone  described  above 
is  about  at  the  base  of  the  exposure  in  the  fall,  and 
below  in  the  stream  are  immense  blocks  of  loose  Berea 
grit.  The  rocks  are  mostly  concealed,  but  shales  and 
thin  sandstones  of  the  Bedford  are  shown  at  some  dis- 
tance down  the  stream,  and  the  base  of  the  outcrop  is 
barometrically  58  feet  lower  than  the  1-foot  sandstone 
considered  the  base  of  the  Berea  formation.  The 
rocks  are  then  mainly  concealed  for  47  feet,  when  lower 
black  shale  occurs  in  place.  Above  the  black  shale, 
on  the  sloping  bank,  are  loose,  gray  shales  and  sand- 
stones of  the  Bedford  formation.  It  will  be  seen  that 
the  barometer  made  the  thickness  of  the  interval  from 
the  base  of  the  Berea  to  the  top  of  the  exposed  black 
shale  105  feet;  but  it  was  not  shown  that  all  of  this 
interval  belongs  in  the  Bedford  formation  since  perhaps 
its  lower  part  includes  the  upper  portion  of  the  Cleve- 
land shale  105  308 

3.  Cleveland  shale.  Only  8  feet  of  black,  bituminous  shale  is 
shown  on  the  northern  side  of  the  bank,  but  undoubtedly 
more  of  the  shale  is  concealed.  When  in  the  field  it 
was  thought  that  this  outcrop  of  shale  was  in  the  upper 
part  of  the  Cleveland;  but  the  thickness  of  the  interval 
from  its  top  to  the  base  of  the  Berea  (105  feet)  makes 
this  opinion  doubtful,  since  in  Dean's  Gully,  one  and 
one-half  miles  to  the  south,  the  Bedford  formation  is 
but  93  feet  in  thickness 8+  203 

2.  Chagrin  formation.  Below  the  outcrop  of  Cleveland  shale 
the  bed  rocks  are  concealed  for  a  considerable  distance 
by  the  rocks  and  dirt,  which  have  slid  down  the  banks. 
By  the  barometer,  110  feet  lower  than  the  base  of 
the  black  shale  outcrop  is  the  base  of  the  lowest 
outcrop  of  the  Chagrin  shale.  This  outcrop  is  at  the 
lower  end  of  the  gorge,  where  about  10  feet  of  argilla- 
ceous, bluish  shale,  with  rusty  concretions,  arranged 
in  layer-like  fashion,  occurs  in  the  northern  bank  of  the 
stream.  On  the  same  bank,  above  the  outcrop  of 
Chagrin  shale,  and  farther  up  the  stream  are  clay  and 
drift  deposits  110  195 

1.  Alluvial  deposits  to  the  Chagrin  River,  near  the  mouth  of 

the  stream  from  Fletcher's  Gully 85  85 

In  the  above  section  perhaps  the  intervals  determined  entirely 
by  the  barometer  are  slightly  too  great  for  it  gives  a  difference  in  eleva- 
tion of  284  feet  between  the  lowest  outcrop  of  the  Chagrin  formation 
and  the  top  of  the  Berea  grit;  while  in  descending  the  glen  the  barometer 
with  one-half  hour's .  difference  between  the  two  readings  gave  only 
250  feet  for  the  same  interval. 

Gates    Mill    Sections*  —  About    two    and    one-half    miles    above 
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Wilson  Mills  is  the  attractive  village  of  Gates  Mill,  which  in  recent 
years  has  become  the  summer  home  of  a  number  of  Cleveland  families. 
The  village  proper  is  situated  in  the  valley  hard  by  the  river;  but  a 
number  of  beautiful  country  residences  which  command  a  fine  view 
of  the  valley  and  eastern  hill  are  located  at  various  places  on  the  steep 
slope  of  the  hill  to  the  west  of  the  river.  The  village  and  country 
places  are  on  the  Cleveland  and  Eastern  division  of  The  Eastern  Ohio 
.  Traction  Company  at  a  distance  of  about  an  hour  and  a  quarter 
from  the  Public  Square  in  Cleveland  so  that  during  the  summer  months 
it  is  not  especially  inconvenient  for  Cleveland  business  and  professional 
men  to  reside  in  this  charming  region  and  attend  to  their  daily  duties 
in  the  city. 

The  valley  on  the  eastern  side  of  the  river,  opposite  the  village, 
is  either  very  narrow  or  else  precipitous  cliffs  rise  almost  from  the  water's 
edge.  A  short  distance  northeast  of  the  car  barn  the  traction  line 
crosses  a  stream  which  has  cut  a  deep  and  narrow  gorge  known  as 
Dean's  Gully  in  the  steep  face  of  the  eastern  hill.  The  banks  of  the 
Chagrin  River  at  the  mouth  of  this  stream  are  alluvial  and  such  is  the 
nature  of  the  brook's  banks  until  a  few  rods  above 'the  traction  trestle. 
The  lowest  rocks  exposed  in  the  stream  are  barometrically  70  feet  higher 
than  the  Chagrin  River  and  form  the  floor  and  low  banks  of  the  brook 
a  few  rods  above  the  traction  trestle.  They  are  composed  of  soft, 
blue  argillaceous  shales,  which  are  rather  soft  when  wet,  but  harden 
somewhat  on  drying.  In  certain  layers  Liorhynchus  ohioense  n.  sp.  is  com- 
mon, perhaps  the  greater  number  of  specimens  occurring  in  about  the 
lowest  shales  exposed.  These  specimens  more  nearly  resemble  small  ones 
of  L.  mesicostale  Hall  than  most  specimens  of  this  species  (as  for  example 
specimens  of  L.  mesicostale  from  the  Ithaca  formation  at  North  Norwich, 
N.  Y.,  which  are  in  the  American  Museum).  Still  the  plications  on 
the  Ohio  specimens  are  broader,  not  raised  so  high  and  more  rounded 
than  on  L.  mesicostale.  In  addition  to  Liorhynchus  an  occasional 
specimen  of  a  short  and  broad  Lingula  was  found.  On  the  bank  of  the 
stream  a  little  farther  up  occasional  harder  layers  about  an  inch  in 
thickness  occur  in  alternation  with  the  soft,  argillaceous  shales.  These 
shales  are  in  the  Chagrin  formation  and  the  base  of  the  lowest  outcrop 
is  about  110  feet  below  the  top  of  it.  Uninterrupted  exposures  of  these 
soft,  blue  shales  which  in  the  upper  part  contain  a  few  thin  harder 
layers  about  an  inch  thick,  weathering  to  a  rusty  color,  continue  for 
about  20  feet.  Then  the  narrow  valley  is  choked  by  drift  and  alluvial 
deposits;  but  about  10  feet  higher  outcrops  of  soft  blue  argillaceous 
shale  occur  in  the  bed  of  the  brook.  A  little  farther  up  the  stream  is 
a  bank  of  similar  shale  20  feet  high.  Sixty  feet  higher  than  the  shale 
in  the  bed  of  the  brook  just  mentioned,  blue  sandstone  about  2  inches 
thick  occurs  in  the  midst  of  blue  shale,  some  of  which  is  slightly  arena- 
ceous, but  most  of  it  is  argillaceous.  An  occasional  specimen  of  Lio- 
rhynchus was  seen;  but  no  other  fossils. 
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Twenty  feet  above  the  outcrop  just  described  is  the  lowest  ex- 
posure of  the  Cleveland  shale.  The  contact  of  the  two  formations  is 
concealed;  but  the  tougher  Cleveland  shale  projects  and  forms  a  slight 
cliff  on  one  of  the  steeper  faces  of  the  bank  on  the  southern  side  of  the 
stream.  About  20  feet  of  the  black,  tough  Cleveland  shale  is  shown  on 
the  cliff,  above  which  is  a  covered  interval  of  about  15  feet  when  an  8- 
inch  sandstone  of  the  Bedford  is  reached.  Apparently  on  this  cliff 
it  is  not  much  more  than  20  feet  from  the  lowest  exposure  of  the  Cleve- 
land shale  to  its  top.  This  agrees  fairly  well  with  the  thickness  from 
the  base  of  this  outcrop  to  the  top  of  the  Cleveland  shale  which  is  clearly 
shown  on  the  bank  of  the  brook  some  rods  above,  an  interval  of  about 
25  feet  according  to  the  barometer.  The  section  of  this  portion  of  the 
southern  bank  is  as  follows: 

Lower  Section  on  Bank  of  Dean's  Gully. 

Total 

Thick-  thick- 
ness,   ness. 
No.  .        Feet.    Feet. 

4.    Covered  slope -- 

3.    Thin  sandstone  in  Bedford  formation  ___ §      35| 

2.    Covered  interval,  probably  about  to  the  top  of  the  Cleve- 
land shale  15        35 

1.     Cleveland  shale.    Tough,  thin  shale,  but  contact  with  the 

Chagrin  formation  is  not  shown 20=*=     20 

Farther  up  the  brook  on  the  northern  bank  the  contact  of  the  Cleve- 
land shale  and  Bedford  formation  is  perfectly  shown.  The  bank  here 
is  steep,  but  the  rocks  are  mostly  covered  with  the  exception  of  an 
occasional  sandstone  outcrop  until  the  base  of  massive  sandstone  cliffs 
is  reached  which  form  its  upper  part.  At  this  locality  it  is  not  clear 
that  the  base  of  this  upper  sandstone  cliff  is  the  base  of  the  Berea 
sandstone;  but  farther  up  the  stream,  in  the  fall,  the  contact  of  the  Bed- 
ford and  Berea  formations  is  clearly  shown.  The  reading  of  the  baro- 
meter, however,  at  the  contact  of  the  two  formations  is  the  same  as 
at  the  base  of  the  massive  sandstone  on  the  cliff  90  feet  or  so  above 
the  top  of  the  Cleveland  shale  which  appears  to  demonstrate  that  the 
base  of  the  massive  sandstone  is  the  base  of  the  Berea  formation.  The 
interval  from  the  top  of  the  Cleveland  shale  to  the  base  of  the  massive 
sandstone  and  Berea  formation  was  93  feet  by  hand-level,  which  is  the 
thickness  of  the  Bedford  formation.  The  barometer  with  a  difference 
of  only  12  minutes  between  the  readings  gave  a  difference  of  85  feet 
for  the  interval.  The  detailed  section  of  this  entire  bank  is  as  follows : 

Upper  Section  on  Bank  of  Dean's  Gully.         Total 

No.  Thickness.  thickness. 

Ft.         In.  Tt.  In. 

10.  Top  of  bank  composed  of  Berea  sandstone. 
The  layers  forming  the  upper  part  of  the 
cliff  are  thinner  bedded  than  those  in 
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No.  Total 

Thickness  thickness. 

Ft.        In.  Ft.          In. 

the  lower  portion,  the  lower  one  2  feet 
or  so  thick.  The  thickness  of  this  inter- 
val was  29  feet  as  leveled,  and  25  feet  by 
barometer.  Base  of  Berea  sandstone.  _  29  _.  125 

9.  Bedford  formation.  Upper  part  of  this  in- 
terval covered.  Near  the  base  a  layer 
of  sandstone,  with  shales  below 28  8  96 

8.     Ledge  of  sandstone  1          4  67          4 

7.     Mainly  covered  interval. 26        __  66 

6.  Ledge  of  sandstone  about  a  foot  or  so  in 

thickness  1  __  40 

5.     Mostly  covered  interval  25        __  39 

4.  A  ledge  of  thin  sandstone,  6  inches  or  more 

in  thickness __  6  14 

3.  Zone  partly  covered,  though  composed 
mostly  of  shales;  but  about  2  feet  above 
the  base  is  a  sandstone  layer  more  than 
2  inches  in  thickness,  and  at  the  base, 
one  2  inches  thick 76  13  6 

2.  Bluish-gray,  rather  soft  shale,  which  ex- 
tends to  the  base  of  the  Bedford  forma- 
tion, making  its  total  thickness  93  feet.  3  _-  6 

1.  Cleveland  shale.  This  is  finely  shown  near 
the  foot  of  the  bank  to  the  bed  of  the 
brook,  and  consists  of  coal-black,  tough 
shale,  with  the  usual  characteristics  of 
the  Cleveland 3  3 

Somewhat  farther  up  the  brook  is  the  fall  just  below  the  highway 
bridge  and  in  the  bed  of  the  brook  at  its  base  are  bluish  Bedford  shales. 
About  20  feet  higher  in  the  lower  part  of  the  fall  is  a  layer  of  bluish 
sandstone  1  foot  4  inches  in  thickness,  while  still  20  feet  higher  is  the  con- 
tact of  the  Bedford  formation  and  Berea  sandstone  which  is  beautifully 
shown  in  the  face  of  the  fall.  The  upper  part  of  the  Bedford  formation 
is  composed  largely  of  bluish  argillaceous  or  arenaceous  shales  in  which 
there  are  occasional  sandstone  layers  some  of  which  reach  a  thickness 
of  1  foot  4  inches;  but  as  a  rule  they  are  thinner,  rarely  over  6  inches  in 
thickness.  In  the  lower  part  of  the  formation  are  some  sandstones; 
but  so  much  of  the  rock  is  covered  that  it  is  not  apparent  that  sandstone 
predominates.  Apparently  the  Euclid  member  is  not  well  developed 
in  the  exposure  along  this  brook,  or  rather  the  rocks  have  changed  from 
the  fairly  thick  sandstones  on  Euclid  Creek  to  shales  and  thin-bedded 
sandstones.  The  barometer  gave  85  feet  for  the  thickness  of  the  Bed- 
ford formation  as  measured  in  ascending  the  brook  from  the  top  of  the 
Cleveland  shale  to  the  base  of  the  Berea  sandstone  at  the  side  of  the  fall 
with  an  interval  of  33  minutes  between  the  readings. 

In  the  fall  there  is  some  10  feet  of  Berea  sandstone  and  above  it 
cliffs  of  this  formation  rise  from  20  to  30  feet  higher.  At  this  locality 
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an  amphitheatre  has  been  formed  bounded  by  lofty  walls  from  which 
the  only  egress  is  either  by  returning  down  the  stream  or  by  a  path 
on  the  northern  bank  which  runs  for  some  distance  backward  along  the 
cliff  on  or  near  the  contact  of  the  two  formations  and  then  steeply 
climbs  the  highest  part  of  the  cliff  over  the  Berea  sandstone.  At  this 
locality  the  Berea  consists  of  heavy  layers,  showing  marked  examples 
of  oblique  stratification  or  cross-bedding,  which  alternate  with  thin- 
bedded  ones.  One  of  the  layers  in  which  the  oblique  bedding  is  very 
conspicuous  has  a  thickness  of  8  feet.  The  oblique  stratification  in 
the  Berea  sandstone  of  these  cliffs  was  noted  by  Dr.  Newberry  who  gave 
an  explanation  of  the  method  of  its  formation  together  with  a  dia- 
grammatic figure  of  the  layers  in  his  Cuyahoga  County  report.1  Some 
of  the  lower  layers  of  the  Berea  are  very  coarse-grained — a  grit — and 
rather  friable  in  texture,  so  that  they  resemble  to  some  extent  the  Cusse- 
wago  sandstone  of  Pennsylvania,  which  later  will  be  described  in  this 
bulletin. 

The  contact  of  the  Bedford  formation  and  the  Berea  sandstone 
is  shown  on  the  path  farther  west  along  the  cliff  and  from  this  horizon 
to  its  top  the  rock  all  belongs  in  the  Berea  with  a  thickness  of  40  feet 
by  the  barometer  which  is  the  maximum  estimate  of  its  thickness  in 
the  cliff  at  the  fall.  In  the  stream  above  the  highway  is  another  but 
smaller  fall  which  is  formed  by  the  top  of  the  Berea  sandstone.  The 
top  layer  at  the  fall  is  pitted  from  the  decomposition  and  leaching  out 
of  iron  pyrites,  as  is  almost  universally  the  case  with  the  top  of  the 
Berea  sandstone.  The  barometer  reading  on  the  Berea  sandstone 
at  the  top  of  the  cliff  mentioned  above  and  at  the  top  of  the  upper  fall 
is  the  same,  so  that  apparently  40  feet  is  about  the  maximum  thickness 
of  the  Berea  at  this  locality. 

In  the  gutter  by  the  county  line  highway  just  north  of  the  stream 
is  blackish  shale  which  as  weathered  is  more  nearly  brownish  or  brown- 
ish-black in  color  and  represents  the  Sunbury  shale.  There  is  about 
9  feet  of  covered  interval  from  the  top  of  the  Berea  sandstone  to  the  base 
of  this  shale  outcrop  and  then  about  5  feet  of  shale  is  shown  in  the  gutter; 
but  evidently  not  reaching  to  its  top.  On  this  bank  immediately 
above  the  fall  is  a  covered  interval  of  18  to  19  feet  when  weathered  and 
broken  layers  of  thin-bedded  sandstone  project  from  the  soil  which 
apparently  represent  a  ledge  of  sandstone  on  the  upper  part  of  this  bank. 

In  the  highway  gutter  on  the  south  side  of  the  stream,  barometri- 
cally 20  feet  above  the  top  of  the  Berea  sandstone,  is  a  fine-grained, 
bluish-gray  sandstone,  about  5  feet  of  which  is  shown.  This  sandstone 
extends  to  the  highway  corners  and  is  also  shown  a  few  rods  from  them 
on  the  road  leading  down  the  hill  to  Gates  Mill.  Beneath  the  sandstone 
in  the  highway  gutter  is  shown  5  feet  of  a  soft  bluish-gray  rather  than 

'Ibid.,  p.  199. 
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blackish  shale.  These  sandstones  on  both  sides  of  the  stream  repre- 
sent the  Aurora  sandstone. 

At  the  head  of  this  gorge  was  formerly  a  saw  and  grist  mill  owned 
by  Mr.  Davis  and  still  earlier  by  Samuel  Dean,  from  whom  was  de- 
rived the  name  of  Dean's  Gully  for  this  gorge.  This  is  the  locality 
that  Dr.  Newberry  briefly  described  as  follows: 

"At  a  saw  mill,  one  mile  east  of  Gates'  Mill,  a  deep  gorge  cuts 
through  the  Berea  sandstone,  exposing  the  shale  below.  The  grit 
here  affords  beautiful  examples  of  cross  stratification,  "i 

For  several  rods  along  the  stream  above  the  top  of  the  Berea  sand- 
stone in  the  fall  the  rocks  are  covered.  Then  thin  layers  of  blackish 
shale  appear  and  5  feet  higher  by  the  barometer  than  the  top  of  the  Berea 
is  a  layer  of  bluish-gray  sandstone  from  1  inch  to  1J  inches  in  thickness. 
Immediately  above  and  below  this  thin  sandstone  is  bluish-gray  to 
blackish  shale.  On  the  bank  immediately  above  the  thin  sandstone 
about  5  feet  of  blackish  shale  is  shown  with  loose  thin  flaggy  sandstone 
above.  Also  in  the  bed  of  the  stream  and  its  low  banks  for  a  thickness 
of  5  feet  by  the  barometer  are  nearly  continuous  outcrops  of  blackish 
shale;  some  of  which,  however,  on  the  top  or  edges  of  the  layers  has 
weathered  to  a  somewhat  brownish  color,  or  occasionally  is  even  bluish- 
gray.  These  blackish  shales  with  a  thickness  of  from  10  to  15  feet  are 
regarded  as  representing  the  Sunbury  shale. 

There  is  then  a  covered  interval  of  about  5  feet  by  the  barometer 
when  the  base  of  bluish-gray,  fine-grained  and  thin-bedded  sandstone 
is  reached  with  soft  bluish-gray  shale  immediately  beneath  it.  This 
sandstone  splits  into  somewhat  even  layers  and  with  interruptions 
is  shown  along  the  stream  for  some  distance  with  a  thickness  by  the 
barometer  of  nearly  10  feet.  This  sandstone  represents  the  Aurora 
and  its  uppermost  exposure  occurs  in  the  bed  of  the  stream  above 
which  the  writer  found  no  further  outcrops. 

On  a  small  run  which  enters  the  main  stream  from  the  southeast 
some  rods  above  the  upper  fall  and  barometrically  20  feet  higher  than 
the  top  of  the  Berea  is  an  outcrop  of  bluish-gray,  fine-grained  sandstone, 
with  a  tendency  to  split  into  somewhat  thin  and  even  layers.  About 
6  feet  of  this  sandstone  is  shown  at  this  locality  which  also  belongs  in 
the  Aurora.  There  is  then  a  covered  interval  of  about  20  feet  when 
in  the  gutter  of  the  highway  leading  to  Scotland  soft  bluish-gray  to 
blackish  shales  are  shown.  Ten  feet  of  these  shales  is  exposed  accord- 
ing to  the  barometer  and  they  belong  in  the  lower  part  of  the  Brecksville 
shale. 

No  further  outcrops  were  seen  by  the  writer  until  the  Sharon 
conglomerate  was  reached  which  forms  the  conspicuous  ledges  from 
northwest  of  Scotland  around  the  hill  to  Chesterland  Caves  and  probably 
its  best  exposure  is  to  be  seen  in  the  cliffs  just  west  of  the  dancing  pa- 

'Ibid.,  p.  199. 
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vilion  at  what  is  known  as  "the  caves."  Most  of  this  rock  contains 
numerous  white  quartz  pebbles  which  vary  in  size;  but  some  of  them 
are  rather  coarse  and  to  a  certain  extent  the  different  sized  pebbles  occur 
in  separate  layers  in  the  massive  rock.  There  is  also  abundant  evidence 
of  cross-bedding  in  the  faces  of  the  massive  ledges.  The  caves  which 
have  given  popular  interest  to  this  particular  part  of  the  ledge  are  due 
to  the  enlargement  of  the  natural  joints  in  the  rock.  This  enlargement 
is  especially  marked  in  some  of  the  joints  seen  in  the  lower  portion  of 
the  cliff  which  form  the  principal  caves.  At  "the  caves"  there  are  almost 
vertical  cliffs  between  40  and  45  feet  in  height.  At  this  locality  the 
thickness  of  the  rock  from  the  lowest  part  of  the  cliff  to  the  highest 
rock  shown  just  east  of  its  edge  is  45  feet  by  the  barometer  and  48  feet 
by  the  hand-level.  Various  springs  of  pure  water  emerge  from  this 
conglomerate  or  its  base  along  the  course  of  the  ledges  and  one  of  them 
just  east  of  the  dancing  pavilion  has  been  enclosed  by  the  Chanler  & 
Rudd  Company  and  the  water  is  bottled  and  sold  in  Cleveland.  Another 
excellent  spring  is  in  the  ledge  above  the  ruins  of  the  old  cheese  factory 
and  not  far  to  the  northeast  of  the  trolley  station  for  Chesterland  Caves. 
Farther  along  the  ledge  to  the  southeast  across  the  highway  and  within 
only  a  few  rods  of  Scotland  is  a  portion  of  it  that  is  very  pebbly  and 
also  considerably  decomposed  by  weathering,  so  that  virtually  it  is 
only  a  fairly  well  consolidated  gravel  bank.  This  has  been  quarried  to 
some  extent  and  shipped  to  Cleveland  where  it  is  used  for  the  drives 
on  the  Rockefeller  grounds.  The  quarry  has  been  carried  into  the 
ledge  for  some  distance  until  the  rear  wall  is  now  between  15  and  18 
feet  in  height.  The  upper  part  of  the  quarry  wall  is  a  sandstone;  but 
the  pebbles  increase  downward  until  in  the  lower  portion  it  is  very  pebbly. 
Cross-bedding  is  also  shown  and  it  appears  that  these  very  pebbly  portions 
of  the  formation  probably  represent  channel  fillings  produced  by  strong 
local  currents  which  cut  out  the  sand  and  brought  in  gravel. 

The  interval  from  the  base  of  the  ledges,  which  is  probably  about 
the  base  of  the  Sharon  conglomerate,  to  the  top  of  the  Berea  sandstone 
at  Dean's  Fall  is  smaller  than  the  usual  interval  between  the  Sharon 
conglomerate  and  Berea  sandstone.  The  distance  from  the  ledges  to 
Dean's  Fall  is  about  1.4  miles  in  a  northeast  and  southwest  direction 
and  the  barometer  gave  a  difference  of  85  feet  between  the  base  of  the 
cliff  at  "the  caves"  and  the  top  of  the  Berea.  The  barometer  was  fall- 
ing, however,  and  the  interval  between  the  two  readings  was  two  hours, 
so  that  it  was  undoubtedly  an  underestimate.  Later  readings  between 
the  top  of  the  Berea  and  the  base  of  the  pit  in  the  quarry  northwest 
of  Scotland  gave  a  difference  of  125  feet  with  an  interval  of  three- 
fourths  of  an  hour  between  readings.  Again  the  difference  between 
the  base  of  the  ledge  above  the  old  cheese  factory  and  the  top  of  the 
Berea  sandstone,  with  one  hour's  interval  in  the  readings,  was  130 
feet.  These  three  localities  of  the  Sharon  conglomerate  are  at  about 

14— G.  B.  15. 
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the  same  horizon.  These  estimates  were  checked  by  comparison  with 
the  topographic  sheet  of  the  Mentor  quadrangle  which  gave,  as  near  as 
could  be  determined,  a  difference  in  elevation  between  Dean's  Fall 
and  the  base  of  the  conglomerate  at  "the  caves"  of  from  110  to  120  feet. 
The  correction  for  dip  was  not  determined;  but  it  appears  probable 
that  the  thickness  of  the  Cuyahoga  terrane  in  this  section  is  toward  125 
feet.  It  is  to  be  remembered  that  Dr.  Newberry  gave  the  thickness 
of  the  Cuyahoga  shale  in  the  vicinity  of  Chagrin  Falls,  six  miles  to  the 
south,  as  "only  about  100  feet,"  and  explained  this  diminution  in  thick- 
ness as  "probably  due  to  the  erosive  action  of  the  currents  which  de- 
posited the  Conglomerate. "i 

The  rocks  exposed  in  Dean's  Gully  and  the  adjacent  region  may  be 
represented  by  the  following  diagrammatic  section: 

Section  from  Chagrin  River  up  Dean's  Gully  to  Chesterland  Caves. 
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On  the  western  side  of  the  valley  and  about  opposite  Gates  Mill 
is  a  ravine  known  as  Bear's  Gully,  the  lower  part  of  which  is  crossed 
by  the  highway  and  the  upper  portion  by  the  electric  railroad;  but  the 
greater  part  of  the  gully  lies  to  the  south  of  the  highway. 

'Ibid.,  p.  198. 
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Section  of  Bear's  Gully. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Berea  sandstone.  Upper  portion  of  exposure  on  creek  bank, 
above  the  trolley  track,  which  is  apparently  about  the 
highest  rock  shown.  The  upper  portion  as  shown  in 
the  banks  of  this  stream  is  rather  thin-bedded,  and 
where  weathered,  splits  up  into  layers  about  an  inch  in 
thickness.  Ripple-marks  are  not  infrequent;  a  char- 
acter that  was  noted  in  some  of  the  sandstones  in  the 
upper  part  of  the  subjacent  Bedford  formation.  The 
barometer  gave  a  thickness  of  40  feet  from  the  highest 
outcrop  to  the  base  of  the  Berea,  which  is  shown  a 
little  below  the  stone  culvert  on  the  north  and  south 
highway.  This  is  probably  about  the  thickness  of  the 
formation,  since  the  same  amount  was  obtained  for  the 
Berea  in  Dean's  Gully,  on  the  opposite  side  of  the  river.  40  275 

3.  Bedford  formation.  The  upper  portion  of  this  formation 
is  well  shown  in  the  stream,  and  on  its  banks  below  the 
stone  culvert,  and  consists  mainly  of  sandy,  bluish- 
gray  shales,  although  there  are  some  argillaceous  ones, 
and  layers  of  sandstone,  some  of  which  reach  a  foot  in 
thickness.  The  shales,  however,  decidedly  predomi- 
nate; but  they  are  bluish-gray  in  color,  rather  than 
reddish-brown,  as  stated  by  Dr.  Newberry.1  In  this 
gully  there  are  no  reddish-brown  shales,  except  as  they 
may  have  been  iron-stained  on  weathering;  and  it  is  to 
be  noted  that  in  the  Chagrin  Valley  no  exposures  of  the 
reddish  or  chocolate  Bedford  shales  have  been  seen  in 
the  sections  which  the  writer  has  studied. 

Near  the  base  of  the  Bedford  exposures  is  a  very 
compact,  fine-grained  and  hard  layer,  from  6  to  8  inches 
in  thickness,  which  is  evidently  somewhat  calcareous. 
This  explains  the  source  of  the  loose,  calcareous  blocks 
that  were  noticed  lower  in  this  gully,  and  probably 
its  continuation  furnished  those  seen  in  the  stream 
west  of  Wilson  Mills.  The  lowest  exposures  of  the  Bed- 
ford are  sandstones,  which  evidently  represent  the 
eastern  continuation  of  the  Euclid  member.  The  con- 
tact with  the  Cleveland  shale  is  covered;  but  from  the 
base  of  the  lowest  outcrops  to  the  top  of  the  Bedford, 
the  barometer  gave  90  feet,  which  is  of  course  less  than 
the  actual  thickness  of  the  formation.  This  thick- 
ness, however,  of  90-f-  feet  for  the  Bedford  formation, 
indicates  a  general  agreement  with  the  93  feet  obtained 
for  it  in  Dean's  Gully,  on  the  eastern  side  of  the  river.  _  90+  235 

2.  Cleveland  shale.  Black,  bituminous  shale,  but  neither 
the  top  nor  bottom  of  the  formation  is  shown.  From 
the  base  of  the  lowest  outcrop  of  the  Cleveland  shale 


p.  199,  where  he  stated  that  in  Bear's  Gully  "42  feet  of  reddish-brown 
shale  (Bedford  shale)  are  seen  underlying  it  (Berea  grit)." 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

to  the  base  of  the  lowest  Bedford  is  by  the  barometer 
30  feet,  which  is  identical  with  the  thickness  obtained 

for  this  shale  in  the  stream  west  of  Wilson  Mills 30±  145 

1.  Chagrin  formation.  The  exposures  in  this  gully  consist 
mainly  of  soft,  blue,  argillaceous  shales;  but  there  are 
also  somewhat  calcareous,  rusty-colored,  concretionary 
layers.  From  the  lowest  observed  outcrop,  which  is 
not  far  south  of  the  highway,  to  the  first  one  of  Cleve- 
land shale  is  barometrically  115  feet 115  115 


formations  exposed  in  Bear's  Gully  may  be  represented  in 
the  following  diagrammatic  section: 

General  Section  of  Bear's  Gully. 
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The  eastern  bank  of  the  Chagrin  River  not  far  above  the  highway 
bridge  in  Gates  Mill  is  steep  and  rocky.  The  lower  part,  however, 
is  more  or  less  covered  by  talus;  but  the  upper  portion  clearly  shows 
thin  sandstones  alternating  with  shales.  The  bank  is  difficult  to  climb. 
The  greater  part  of  it,  however,  belongs  in  the  Chagrin  formation,  although 
perhaps  the  highest  portion  is  in  the  Bedford  formation.  At  the  east- 
ern end  of  the  dam  is  a  bank  of  apparently  bluish  shales  containing 
thin  layers  of  sandstone,  which  is  perhaps  30  feet  high  and  in  the  Chagrin 
formation. 

Chagrin  Falls  Sections.  —  Following  up  the  Chagrin  Valley  6| 
miles  to  the  south  of  Gates  Mill  the  locality  is  reached  where  the  Chagrin 
River  makes  an  abrupt  turn  in  the  direction  of  its  course  and  changes 
from  a  northerly  to  a  southwesterly  direction.  Near  this  point  the  Aurora 
Branch  of  the  Chagrin  River,  the  headwaters  of  which  rise  in  Aurora 
Township  in  the  northwestern  part  of  Portage  County  some  14  miles 
to  the  southeast,  enters  the  main  river.  The  village  of  Chagrin  Falls 
is  located  at  the  falls  on  the  main  river  about  1.8  miles  above  its  change 
in  direction,  while  the  river  heads  some  14  miles  farther  to  the  northeast 
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in  the  southeastern  part  of  Chardon  Township,  Geauga  County.  Near 
the  bend  the  river  is  crossed  by  the  Chagrin  Falls  and  Garrettsville 
Division  of  the  Eastern  Ohio  Traction  Company  on  a  rather  elevated 
bridge,  about  50  feet  above  the  river  level,  known  as  the  High  Level 
Bridge  at  Benleyville.  Just  below  the  bridge  is  a  steep,  rocky  bank, 
some  55  feet  in  height,  in  the  greater  part  of  which  the  older  rocks  are 
shown. 

Section  at  High  Level  Bridge. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

3.     Bluish,  somewhat  arenaceous  shale  near  top  of  bank,  which 

weathers  into  small  pieces 2        55| 

2.    Covered  interval  9        53J 

1.  Upper  portion  of  this  division  consists  of  thin,  bluish  shales, 
which  break  up  into  somewhat  small  pieces.  At  the 
head  of  a  small  fall  is  a  sandstone  layer  15  inches  thick. 
Lower  are  bluish  to  bluish-gray  shales,  which  alternate 
with  thin-bedded  sandstones.  The  base  of  the  cliff 
shows  blue  to  bluish-gray  shales,  alternating  with  thin, 
even-bedded,  arenaceous  shales  to  thin  sandstones.  A 
sandstone  layer  not  much  above  the  river  level  is  fine- 
grained and  gray,  with  a  thickness  of  1£  feet.  The 
total  thickness  of  this  division,  which  extends  to  the 
river  level  is  44|feet 44|  44£ 

The  lithologic  appearance  of  the  rock  in  the  above  section  suggests 
that  it  belongs  in  the  Bedford  formation  and  this  is  confirmed  by  strati- 
graphic  evidence  that  will  shortly  be  described.  The  Aurora  Branch 
enters  the  Chagrin  River  not  many  rods  above  the  High  Level  Bridge 
and  Dr.  Newberry's  statement  that  "At  the  junction  of  the  two  branches 
of  Chagrin  River,  25  feet  of  the  Berea  grit  are  exposed"  is  misleading. » 
This  outcrop  is  some  little  distance  up  the  Aurora  Branch ;  and  apparently 
at  the  junction  of  the  two  branches  and  in  that  immediate  vicinity  only 
the  Bedford  formation  of  the  Paleozoic  rocks  is  shown.  Dr.  Newberry 
also  stated  that  "The  Bedford  shale  is  here  well  shown  below  the  Berea, 
though  the  bottom  of  the  formation  is  not  seen,"*  apparently  meaning 
at  the  junction  of  the  two  branches  of  the  river  and  this  statement  is 
quite  true  for  that  general  vicinity. 

A  few  rods  below  the  High  Level  Bridge  a  stream  known  as  Deer 
Lick  Creek  enters  the  Chagrin  River  from  the  southwest.  It  has  not 
yet  cut  down  to  the  level  of  the  Chagrin  River  so  that  a  fall  is  formed 
in  the  rock  bank,  just  before  it  enters  the  river.  In  the  lower  part  of  the 
fall  is  a  compact,  fine-grained  sandstone  layer  of  bluish  color  which  is 
1  foot  4  inches  in  thickness.  The  older  rocks  as  shown  along  this  stream, 
with  the  exception  of  the  alluvial  covered  intervals,  consist  of  bluish 

'Ibid.,  p.  199. 
2Loc.  cit. 
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arenaceous,  with  some  argillaceous,  shales  and  a  good  many  layers  of 
sandstone.  Some  little  distance  up  the  creek  in  a  small  glen,  the  base 
of  the  Berea  is  reached  and  one  reading  of  the  barometer  gave  55  feet 
from  the  level  of  the  Chagrin  River  to  the  Berea  sandstone.  This 
fifty  odd  feet  of  rock  represents  approximately  the  upper  half  of  the  Bed- 
ford formation  which  may  be  described  for  this  section  as  composed  of 
bluish  arenaceous  shales  with  some  argillaceous  ones  and  layers  of 
fine-grained,  compact,  blue  sandstone.  The  occurrence  of  the  base  of 
the  Berea  sandstone  55  feet  higher  than  the  Chagrin  River  level  apparent- 
ly shows  that  the  floor  of  the  High  Level  Bridge  is  not  much  below  the 
horizon  of  the  Berea  grit  and  that  the  section  of  the  river  bank  just  below 
the  bridge  all  belongs  in  the  Bedford  formation. 

The  lower  2  to  3  feet  of  the  Berea  sandstone  in  the  Deer  Lick  Creek 
glen  is  thin-bedded  succeeded  by  coarser  grained  and  soft  sandstone. 
A  portion  of  the  lower  part  of  the  Berea  sandstone  is  soft  and  reminds 
one  somewhat  in  this  character  of  the  Cussewago  sandstone  of  north- 
western Pennsylvania. 

Somewhat  farther  up  the  creek  is  the  Deer  Lick  quarry  where  the 
top  of  the  Berea  sandstone  is  shown  capped  by  the  black,  fossiliferous 
Sunbury  shale.  One  reading  of  the  barometer  gave  a  thickness  of  40 
feet  for  the  Berea  sandstone;  but  Drk  Wilkinson  obtained  only  30  feet 
by  leveling.  The  creek  is,  however,  rather  difficult  to  follow  with  a 
hand-level  and  the  40  feet  is  in  closer  agreement  with  the  thickness 
obtained  on  the  Aurora  Branch,  opposite  the  Independent  Stone  Com- 
pany quarry,  probably  not  more  than  three-fourths  of  a  mile  to  the 
southeast. 

The  Berea  grit  has  also  been  quarried  near  the  track  of  the  electric 
railroad  some  distance  north  of  the  Deer  Lick  quarry  where,  accord- 
ing to  one  reading  of  the  barometer,  it  is  20  feet  higher. 

On  the  bank  of  Hoffman  Brook  (?)  about  opposite  stop  33  and  25 
feet  higher  than  the  top  of  the  Berea  sandstone  are  bluish-black  soft 
shales  with  layers  of  sandstone  perhaps  J  inch  in  thickness.  This 
bank  is  above  the  horizon  of  the  Aurora  sandstone  and  in  the  lower  part 
of  the  Brecksville  shale.  On  the  creek  not  far  above  stop  33  are  two 
excellent  banks  of  the  Brecksville  shale  some  25  feet  in  height.  These 
banks  are  composed  mainly  of  soft  blackish  shale  with  an  occasional 
layer  of  very  thin  sandstone  in  the  lower  part.  The  highest  outcrop 
of  the  Brecksville  shale  seen  occurs  in  the  bed  of  Hoffman  Brook  a  few 
rods  above  the  Hiram  House  Camp  and  is  bluish-gray  in  color  and 
rather  coarse  in  texture.  Above  this  locality  nothing  but  banks  of 
boulder  clay  and  other  drift  and  alluvial  deposits  were  seen.  This  gave 
from  the  top  of  the  Berea  grit  to  the  highest  outcrop  of  shale  105  feet 
by  the  barometer  for  the  Cuyahoga  terrane.  As  read  from  the  trolley 
car,  100  feet  was  obtained  for  the  same  interval.  This  gives  apparently 
at  least  105  feet  for  the  thickness  of  the  Cuyahoga  terrane  and  no  doubt 
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it  is  somewhat  greater  since  it  is  improbable  that  the  shale  above  the 
Hiram  House  Camp  is  as  high  as  the  base  of  the  Sharon  conglomerate. 
The  thickness  of  105  feet,  however,  for  the  Cuyahoga  terrane  is  in  close 
agreement  with  Dr.  Newberry's  statement  that  in  the  vicinity  of  Chagrin 
Falls  the  Cuyahoga  shale  is  "only  about  100  feet  thick;  much  thinner 
than  any  other  known  locality."1 

On  the  Chagrin  River  and  nearer  the  village,  at  a  place  where  for- 
merly a  mill  was  located,  is  an  outcrop  of  sandstone  the  layers  of  which 
vary  in  thickness  from  1  to  1J  feet,  while  they  alternate  with  bluish 
somewhat  arenaceous  shales  which  split  into  thin  pieces.  This  out- 
crop is  still  in  the  Bedford  formation;  but  it  is  to  be  noted  that  in  this 
region  there  is  a  considerable  amount  of  fairly  thick-layered  sandstone 
in  the  upper  part  of  it  which  lithologically  resembles  somewhat  the 
sandstone  of  the  Euclid  member. 

The  village  of  Chagrin  Falls  owes  its  existence  to  the  fall  formed 
by  the  lower  part  of  the  Berea"  grit,  which  furnished  water  power  for 
the  mills,  and  occurs  just  below  the  street  viaduct.  This  was  formerly 
known  as  the  lower  fall. 

Section  of  Chagrin  Falls. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

2.  Massive  sandstone,  which  forms  the  crest  and  upper  half 

of  the  fall.  There  is  about  8  feet  of  this  sandstone 
which  forms  the  lower  part  of  the  Berea.  It  is  rather 
sharply  separated  from  the  subjacent  Bedford  shale-__  8±  14 
1.  Bedford  formation.  Gray  shale,  which  a  little  lower  alter- 
nates with  thin  sandstones,  that  near  the  base  of  the 
falls  approach  a  foot  in  thickness.  The  prominence 
of  the  sandstones  in  the  upper  part  of  the  Bedford  is  to 
be  noted  in  this  section  as  well  as  in  the  others  in  the 
vicinity  of  Chagrin  Falls  6=*=  6 

Above  the  village  on  the  eastern  side  of  the  river  and  opposite  the 
paper  mill  is  the  Hannibal  Goodale  quarry  described  by  Dr.  Newberry2 
and  now  known  as  the  Forsyth  quarry.  It  is  no  longer,  however, 
worked  to  any  considerable  extent.  The  following  section  may  be  seen 
in  the  quarry  together  with  the  overlying  shale : 

Section  of  the  Forsyth  Quarry. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

3.  Sunbury  shale.     Black,  bituminous  shale,  which  frequently 

weathers  on  the  edge  to  a  rusty  color,  and  is  a  massive 
shale  under  cover.     The  lower  foot  of  the  shale  con- 


'Ibid.,  p.  198. 
2Loc.  cit. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

tains  immense  numbers  of  Lingula  melie  Hall  and  Orbi- 
culoidea  herzeri  Hall  and  Clarke.  There  are  also  frag- 
ments of  fish  bones  and  scales,  principally  scales  of  Pale- 
oniscus,  and  in  addition,  fragments  of  branching  plant 
stems  which  are  rather  finely  striated  longitudinally, 
somewhat  like  Cordaites.  The  fossils  are  the  most 
abundant  in  the  lower  foot  of  the  shale,  but  they  occur 
in  considerable  force  for  at  least  2^  feet  above  the  base, 
and  specimens  were  collected  in  the  shales  at  the  height 
of  4  feet 11  20 

2.  Top  of  Berea  sandstone.  Massive,  coarse-grained  layer, 
friable  rock,  easily  crumbling  in  the  fingers,  3£  feet 
thick.  At  the  lower  end  of  the  quarry  the  massive 
upper  layer  splits  into  thin,  rather  irregular  flags  and 
there  is  no  massive  layer  at  top.  The  lower  part  of  the 
quarry  is  composed  of  thin-bedded  to  shaly  sandstone, 
part  of  which  makes  flagging.  The  flags  show  ripple- 
marks  and  some  of  the  layers  are  worthless;  2^  feet 
exposed 6  9 

1.    Covered  to  river  level  3±      3 

Essentially  the  above  section  was  published  by  the  writer  in  1902. » 
The  shaly  portion  near  the  top  of  this  quarry  agrees  fairly  well  with 
the  lithologic  conditions  in  quarry  No.  9  at  Berea  where  there  is  no  heavy 
stratum  at  the  top  of  the  shaly  sandstone. 

This  is  one  of  the  best  localities  noted  in  the  Sunbury  shale  for 
collecting  fossils  where  the  two  common  species  may  be  obtained  in  great 
abundance.  Attention  was  first  called  to  the  fossils  in  the  shale  at  this 
locality  and  Berea  by  Dr.  Newberry  who  stated  that  "In  both  these  places 
that  portion  of  the  Cuyahoga  shale  which  immediately  overlies  the 
Berea  grit  contains  myriads  of  Lingula  melia  [e]  and  Discina  Newberryi."* 
The  following  notes  were  made  concerning  these  two  species: 

Lingula  melie  Hall,  abundant. 

This  species  occurs  in  great  abundance  in  the  lower  part  of  the 
shale  at  this  locality.  The  various  specimens  show  all  the  characters 
that  were  given  by  Hall  in  the  description  of  it.  Hall  gave  the  pro- 
portion of  length  to  width  as  about  3  to  2  and  the  specimens  agree 
fairly  well  although  there  is  some  variation  from  the  exact  proportion. 
The  following  four  specimens  are  typical: 


Length  9.4  mm. 

Width  5.3  mm. 

u 

8.8 

« 

"      5.7 

a 

(( 

7.3 

H 

"      5 

" 

a 

5.4 

U 

"      3.1 

"     1 

(small  specimen). 
The  type  specimens  of  this   species,   from   Chagrin   Falls,   Ohio, 


JJour  Geology,  Vol.  X,  p.  300. 
2Geol.  Surv.  Ohio,  Vol.  I,  p.  185. 
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which  are  illustrated  by  figs.  3  and  4  on  pi.  1,  Vol.  IV,  Pal.  N.  Y., 
were  studied  in  the  American  Museum  (No.  ~-2-  of  that  collection) . » 
These  specimens  are  not  the  smallest  forms  that  occur  in  these  shales; 
but  those  of  medium  size.  Professor  Whitfield  referred  the  smaller 
ones  to  this  species  and  the  more  pointed  valves  he  considered  the 
ventral  and  prolonged  for  the  pedicle.  If  this  be  correct,  then  fig.  4 
of  the  types  is  a  ventral  valve.  The  specimen  has  a  more  quadrate 
form  than  is  shown  by  fig.  3,  which  is  too  pointed  toward  the  beak. 

The  original  specimen  of  fig.  3  has  a  length  of  11  mm.  and  a  width 
of  7.2  mm;  while  the  original  of  fig.  4  is  9.5  mm.  in  length  and  5.5  mm. 
wide.  This  measurement  shows  chat  in  size  the  original  of  fig.  4  is 
almost  identical  with  the  first  specimen  listed  in  the  writer's  collection; 
while  the  original  of  fig.  3  is  larger  than  any  in  that  list.  This  last  obser- 
vation is  important  since  it  has  been  thought  that  some  of  the  largest  spe- 
cimens at  Chagrin  Falls  might  belong  to  L.  cuyahoga  Hall.  The  type  of  this 
latter  species  (No.  ^  of  the  American  Museum),  which  is  the  original 
of  fig.  5,  pi.  1,  Vol.  IV,  Pal.  N.  Y.,  is  a  rather  quadrate  form,  highly 
convex  with  a  median  depressed  line  which  is  not  shown  on  L.  melie. 
The  length  of  the  type  specimen  of  L.  cuyahoga  is  15  mm.  and  the  width 
10  mm.,  which  shows  that  it  is  a  larger  form  than  probably  any  of  the 
Chagrin  Falls  specimens.  The  majority  of  the  specimens  on  a  repre- 
sentative block  from  Chagrin  Falls  agree  almost  precisely  with  the  orig- 
inal type  of  L.  melie  which  is  shown  by  fig.  4.  Some  of  the  larger 
specimens  are  very  similar  to  others  on  the  block  with  the  types  of 
L*  melie.  They  are  not  large  enough  for  the  type  of  L.  cuyahoga  and  Pro- 
fessor Whitfield  agreed  that  they  are  L.  melie.  The  study  of  the  speci- 
mens of  L.  melie  and  L.  cuyahoga  shows  that  the  majority,  if  not  all,  of 
the  specimens  collected  at  Chagrin  Falls  clearly  belong  to  L.  melie. 

There  are  some  of  the  smaller  specimens  in  the  American  Museum 
from  Chagrin  Falls  which  are  labeled  L.  ligea  Hall  (?)  (No.  HT); 
but  these  specimens  probably  belong  to  L.  melie.  Another  tray  (No. 
— )  with  specimens  of  about  the  same  size  from  Cuyahoga  Falls, 
Ohio,  is  labeled  L.  melie  Hall  (?).  It  appears  to  the  writer  that  if  there 
is  any  question  as  to  identity  it  will  be  concerning  these  smallest  speci- 
mens, similar  to  or  smaller  than  fig.  10,  pi.  22,  Vol.  VII,  Geol.  Surv. 
Ohio,  which  Professor  Herrick  identified  as  L.  melie  Hall,  which  is  7  mm . 
long  and  4.5  mm.  wide.  It  is  possible  that  these  smallest  specimens 
may  be  separated  from  L.  melie',  but,  as  already  stated,  Professor  Whit- 
field believed  that  they  belonged  to  this  species. 

Orbiculoidea  herzeri   Hall  and  Clarke,   abundant. 

This  species  is  the  second  in  abundance  in  these  shales  and  is  the 
one  identified  by  Dr.  Newberry  and  others  as  Discina  newberryi  Hall 


'Thb  catalogue  number  given  for  this  species  in  the  Am.  Mus.  Bulletin  of  type 
specimens  is  ^^  which  is  wrong.     The  correct  number  in  the  catalogue  is  -^. 
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or  in  later  papers  by  the  writer  and  others  as  Orbiculoidea  newberryi. 
Discina  newberryi,  however,  came  from  a  higher  horizon  at  Cuyahoga 
Falls,  Ohio,  and  the  Sunbury  shale  specimens  in  1892  were  named  0. 
herzeri  by  Hall  and  Clarke.1  The  specimen  of  0.  newberryi  repre- 
sented by  fig.  18,  pi.  4F,  pt.  I,  Vol.  VIII  Pal.  N.  Y.,  from  Cuyahoga 
Falls  is  in  the  New  York  State  Museum ;  also  the  specimens  for  figs.  14, 
15  and  16  of  the  same  plate  of  0.  cf.  pulchra  (the  specific  name  pulchra 
was  printed  by  mistake  for  herzeri)  from  Meadville,  Pa. 

A  comparison  of  these  specimens  with  the  Ohio  ones  shows  that 
the  pedicle  area  of  the  Sunbury  specimens  is  lower  and  not  so  broad  as 
for  0.  newberryi,  while  the  apex  of  the  brachial  valve  is  more  central 
than  in  the  latter  species;  both  of  which  characters  were  given  by  Hall 
and  Clarke  as  distinguishing  0.  herzeri  from  0.  newberryi  (loc.  cit).  A 
partly  exfoliated  specimen  from  Chagrin  Falls  shows  a  median  septum 
on  the  brachial  valve  similar  to  the  one  represented  on  fig.  13  of  pi. 
4F.,  Pal.  N.  Y.  The  block,  however,  with  the  original  of  fig.  18  of 
0.  newberryi  also  contains  numerous  specimens  of  apparently  the  same 
species  and  the  inside  of  one  of  the  brachial  valves  shows  a  median 
septum  or  ridge  similar  to  that  represented  on  fig.  13  of  0.  herzeri. 
These  Ohio  specimens  were  examined  by  Dr.  Ruedemann  who  agreed 
in  their  identification  as  0.  herzeri.  The  type  of  0.  newberryi  Hall  is  in 
the  American  Museum  (No.  "Y"),  which  is  from  a  rusty  colored  sand- 
stone at  Cuyahoga  Falls,  Ohio,  and  is  figured  on  pi.  1,  Vol.  IV,  Pal.  N.  Y. 
Brachial  valves  of  the  Chagrin  Falls  specimens  were  compared  with  the 
original  type  specimens  of  figs.  11  a-c  pi.  1,  Vol.  IV,  Pal.  N.  Y.  of  0. 
newberryi  which  clearly  show  that  the  apex  of  the  brachial  valve  is  much 
nearer  the  margin  in  the  type  specimens  of  0.  newberryi.  The  crushed 
specimens  in  the  shale  do  not  show  this  valve  as  more  convex;  but  in 
reality  as  decidedly  flatter.  The  type  specimens  are  from  sandstone 
and  the  greater  flatness  of  those  in  the  shales  is  probably  due  to  crushing. 

Dr.  Girty  has  dropped  the  name  Orbiculoidea  for  the  group  of 
Paleozoic  Discinas,  to  which  it  was  applied  by  Hall  and  Clarke,  because 
the  first  species  mentioned  by  d'Orbigny  proves  to  belong  to  another 
genus  (Schizotreta)  and  Hall  and  Clarke  assumed  that  the  second  named 
species  was  the  genotype.*  Dr.  Girty  wrote  as  follows  concerning  the 
genotype  selected  by  Hall  and  Clarke: 

"The  method  here  employed  of  determining  the  generic  content 
of  Orbiculoidea  appears  to  be  that  so  called,  of  residues,  a  system  open 
to  serious  objection,  and  much  more  frequently  found  in  use  among 
botanists  than  zoologists.  I  believe  that  the  rule  among  the  latter, 
that  unless  a  genotype  is  selected  by  the  author  the  first-named  species 

'Pal.  N.Y.,  Vol.  VIII,  pt.  I,  p.  126,  f.  n.  and  p.  178. 

2See   Bull.  U.  S.  Geol.    Survey,  No.   377,  1909,  pp.  18,  19   and   ibid.,  No.    439, 
1911,  pp.  37,  38. 
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shall  be  employed  is  far  preferable,  and  I  propose  to  apply  it  in  this 
case."' 

The  above  case  is  apparently  covered  by  the  rules  reported  by  the 
International  Commission  on  Zoological  Nomenclature  and  adopted 
by  the  Seventh  International  Zoological  Congress  in  August,  1907. 
Article  30,  section  g  of  these  rules  states  that  "If  an  author,  in  publish- 
ing a  genus  with  more  than  one  valid  species,  fails  to  designate  or  to 
indicate  its  type,  any  subsequent  author  may  select  the  type,  and  such 
designation  is  not  subject  to  change.  (Type  by  subsequent  designa- 
tion.)"2 Section  k  of  the  recommendations  to  this  article  further  says 
that  "If  some  of  the  original  species  have  later  been  classified  in  other 
genera,  preference  should  be  shown  to  the  species  still  remaining  in  the 
original  genus  (Type  by  elimination)."3  From  the  above  rule  it  appears 
that  Hall  and  Clarke  had  the  right  to  select  a  type  for  the  genus 
Orbiculoidea  and  since  they  did,  that  species  is  the  genotype  and  the 
genus  Orbiculoidea  stands. 

In  place  of  Orbiculoidea  Dr.  Girty  uses  provisionally  Lingulidiscina 
which  was  proposed  by  Whitfield  (Lingulodiscina)  for  Lingula  exilis  Hall.4 
It  has  not  yet  been  conclusively  shown,  however,  that  Whitfield's 
genus  Lingulodiscina  is  identical  with  d'Orbigny's  Orbiculoidea.  Dr. 
Girty  states  that  Orbiculoidea  newberryi,  which  Schuchert  in  his  synopsis 
of  American  fossil  Brachiopoda  referred  to  the  genus  Lingulodiscina^ 
"is  certainly  a  member  of  the  Orbiculoidea  group."6  This  may  have 
strengthened  his  opinion  that  these  two  genera  are  identical;  but  the 
reference  of  0.  newberryi  to  Lingulodiscina  was  accidental,  as  is  shown 
by  the  following  quotation  from  a  letter  by  Professor  Schuchert  to  the 
writer,  dated  July  2,  1906:  "Certainly  I  have  made  a  mistake  regarding 
Orbiculoidea  newberryi,  for  it  is  not  a  Lingulodiscina.  It  is  an  error 
I  can  not  account  for.  When  I  received  your  letter  I  remembered  the 
species  as  a  Orbiculoidea.  Please  make  the  change  and  I  thank  you  for 
directing  my  attention  to  it." 

In  Professor  Schuchert's  synonomy  of  this  species  it  is  listed  as 
"(Ehlertella  newberryi  Hall  and  Clarke,  Pal.  New  York,  VIII,  pt.  I, 
1892,  p.  132,  pi.  4  F,  Fig.  18."7  The  writer,  however,  does  not  under- 
stand that  Hall  and  Clarke  on  the  page  cited  intended  to  refer  this 
species  to  (Ehlertella  and  the  explanation  of  fig.  18,  pi.  4  F  appears  under 
the  title  of  Orbiculoidea  newberryi  Hall. 

The  top  of  the  Berea  grit  is  shown  just  below  the  dam;  that  is 
farther  up  the  river  than  the  Forsyth  quarry,  and  is  located  immediately 

'Ibid.,  No.  377,  pp.  18,  19. 

'Science,  N.  S.,  Vol.  XXVI,  1907,  p.  521. 

3Ibid.,  p.  522. 

4Bull.  Am.  Mus.  Nat.  Hist.,  Vol.  Ill,  1890,  pp.  121,  122. 

'Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  261. 

6Ibid.7  No.  377,  p.  19  and  see  No.  439,  p.  36. 

'Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  261. 
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above  the  paper  mill.  It  is  rough  and  pitted,  as  is  generally  the  case, 
while  directly  on  top  of  it  rests  the  black  Sunbury  shale,  about  11  feet 
of  which  is  shown  on  the  southern  bank  at  the  end  of  the  dam.  The 
total  thickness  of  the  Berea  grit  from  its  base  in  the  fall  below  the  viaduct 
to  its  top  below  the  Paper  Mill  Dam  is  38  feet  by  the  barometer.  The 
upper  part  of  the  Sunbury  shale  is  rather  gray  and  overlying  it  on  the 
southern  bank  of  the  river  above  the  paper  mill  is  a  zone  of  thin-bedded, 
bluish,  fine-grained  sandstone  alternating  with  shaly  layers.  This 
zone  represents  the  Aurora  sandstone  and  a  thickness  of  about  6J  feet 
is  shown  on  this  bank.  One  layer  of  sandstone  is  about  9  inches  thick, 
below  which  is  a  6-inch  layer  of  shale.  The  following  section  shows 
in  regular  order  the  rocks  exposed  just  below  and  above  the  Paper  Mill 
Dam: 

Section  at  Paper  Mill  Dam. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

3.  Top  of  Aurora  sandstone  as  exposed  on 
southern  bank  just  above  the  dam. 
Member  composed  of  blue,  fine-grained 
sandstones,  alternating  with  shales.  One 
layer  of  sandstone  is  about  9  inches  in 
thickness,  below  which  is  a  6-inch  layer 
of  shale 6  6  21  4 

2.  Sunbury  shale.  The  upper  part  soft,  gray- 
ish, argillaceous  shale.  Lower,  it  is  a 
black,  fissile,  bituminous  shale,  some- 
what slaty,  and  this  portion  is  very  fos- 
siliferous 14  10  14  10 

1.  Top  of  Berea  grit,  with  very  rough  and 
pitted  upper  surface. 

A  little  farther  up  the  river  than  the  section  just  described  and  on 
its  same  bank,  individual  layers  of  the  Aurora  sandstone  reach  a  thickness 
of  about  1  foot  and  in  places  locally  thicken  to  1  foot  9  inches.  It  here 
makes  a  massive  zone  of  sandstone  which  can  very  readily  be  depended 
on  to  separate  the  Sunbury  from  the  Brecksville  shale.  At  this  locality 
there  is  a  fairly  steep  bank  rising  from  the  level  of  the  pond  which  gives 
one  a  clear  idea  of  some  70  feet  of  rock  as  shown  in  the  following  section : 

Section  of  Bank  Opposite  Paper  Mill  Pond. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

6.  Brecksville  shale.  Soft,  bluish  shale  shown  on  upper  part 

of  path,  and  similar  lithologically  to  zone  below 9  71 

5.  Apparently  all  rather  soft,  bluish  to  bluish-gray  shale, 
while  some  of  it  is  also  bluish-black  in  color.  From 
the  base  of  the  Aurora  sandstone  to  the  top  of  this  zone 
is  62  feet  as  leveled,  and  60  feet  by  one  reading  of  the 
barometer  and  65  feet  by  another 25 J  62 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Sandstone  zone,  composed  of  about  three  layers,  with  a 
total  thickness  of  8  inches,  and  the  highest  conspicu- 
ous one  shown  in  the  Brecksville  shale  on  this  bank §  36  i 

3.  Bluish  to  bluish-black  shale,  which  is  mostly  soft;  but  with 

occasional  thin  layers  of  sandstone 29|  36 

2.  Aurora  sandstone.  It  is  rather  massive  and  in  part  of  fine 
texture  and  blue  color.  There  is  shown  6|  feet  of  this 
zone;  but  the  base  is  not  clearly  marked 6£  6| 

1.    Sunbury  shale 

On  the  northern  bank  of  the  river  above  the  paper  mill  and  ice 
house  the  Aurora  sandstone  is  shown;  but  from  the  opposite  side  of  the 
river  one  can  not  tell  whether  the  subjacent  Sunbury  shale  is  exposed 
or  not. 

Above  the  Paper  Mill  Pond,  between  the  two  dams,  is  what  is 
called  the  Little  Fall,  but  about  all  that  can  now  be  seen  is  a  rapid. 
This  rapid  is  formed  by  a  bluish  and  rather  massive  sandstone  which 
according  to  the  barometer  is  on  the  same  level  as  the  outcrop  of  the 
Aurora  sandstone  on  the  river  bank,  not  far  above  the  lower  Paper 
Mill  Dam.  The  sandstone  in  this  rapid  is  undoubtedly  the  Aurora; 
but  it  is  at  this  locality  unusually  heavy  and  the  grain  is  rather  coarser 
than  is  generally  the  case,  so  that  it  resembles  more  nearly  the  texture 
of  the  Berea  sandstone.  This  Little  Fall  or  rapid  is  probably  the  one 
called  the  Upper  Fall  by  Dr.  Newberry,  who  stated  that  "At  Chagrin 
Falls,  the  Berea  grit  forms  the  upper  and  lower  falls,"1  and  he  further- 
more reported  that  "In  some  localities — as  at  Chagrin  Falls  and  Bed- 
ford— a  stratum  of  shale  is  interposed  between  the  two  divisions. "2  It  is 
evident  that  at  this  locality  the  Aurora  sandstone  was  mistaken  for 
the  upper  part  of  the  Berea  grit  while  the  interposed  shale  is  the  Sun- 
bury.  It  will  be  recalled  that  the  writer  has  made  precisely  the  same 
interpretation  of  the  upper  sandstone  and  subjacent  gray  shale  in  Dr. 
Newberry 's  section  of  the  Berea  grit  at  Bedford.3 

The  upper  dam  is  located  not  very  far  above  the  Little  Fall  or  rapid 
and  above  this  dam,  on  the  western  side  (which  corresponds  to  the  north- 
ern one  farther  down  stream)  are  shown  banks  of  Brecksville  shale  of 
some  height  above  the  level  of  the  pond,  from  which  an  occasional 
layer  of  thin  sandstone  projects. 

The  individual  sections  described  above  when  combined  will  furnish 
the  following  general  section  for  the  rocks  extending  from  the  base  of 
the  Lower  Fall  to  the  top  of  the  bank  opposite  the  Paper  Mill  Pond 
at  Chagrin  Falls: 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  198. 
'Ibid.,  p.  187. 

*See  his  section  on  p.  197  of  ibid,  and  the  writer's  interpretation  in  Jour.  Geol., 
Vol.  X,  1902,  pp.  298,  299. 
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General  Section  of  the  Formations  at  Chagrin  Falls. 
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Orangeville  formation 
Nearly    86    feet 
shown 


Top  of  exposed  shales  on  bank 
opposite  Paper  Mill  Pond 

Brecksville  shale 

Aurora  sandstone 

Sunbury  shale 

Berea  sandstone  (according  to  barometer) 

Bedford  formation  (Upper  part  of  formation  as 
shown  in  lower  part  of  Lower  Fall) 


Sections  on  Aurora  Branch  of  Chagrin  River* — The  Aurora 
Branch  of  the  Chagrin  River  enters  that  river  only  a  short  distance 
above  the  High  Level  Electric  Bridge  at  Benleyville,  and  only  a  few 
rods  above  the  lowest  bridge  on  this  river  rocks  are  shown  in  the  bed 
and  on  the  banks  of  the  stream.  Some  sandstone  layers  form  a  small 
fall  not  far  above  the  bridge  and  on  the  eastern  bank  above  the  fall 
the  Berea  sandstone  is  shown. 


Section  at  Lower  Fall  in  Aurora  Branch. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

5.  Base  of  Sunbury  shale  in  small  run  on  eastern  bank  of  Au- 
rora Branch.  Black,  slaty,  very  fossiliferous  shale  of 
which  about  the  lower  foot  is  shown  1=*=  74 

4.  Berea  sandstone.  Top  and  upper  portion  is  well  shown, 
but  the  contact  with  the  Bedford  formation  is  con- 
cealed. The  Berea  is  fairly  massive  and  thick-bedded, 
with  its  usual  texture  and  some  cross-bedding.  It 
forms  ledges  on  the  side  of  the  bank  some  distance  above 
the  stream,  and  the  top  is  shown  in  the  small  gully  just 
above  the  turn  in  the  highway.  The  lower  part  of  this 
interval  is  covered,  in  which  is  the  contact  between  the 
Berea  and  Bedford  formations.  Farther  up  the  river, 
near  the  Independent  Stone  Company  quarry,  there  is 
shown  26  feet  of  mostly  bluish  shales  beneath  the  Berea 
grit,  all  of  which  is  above  zone  No.  3  of  this  section. 
This  apparently  indicates,  that  in  this  zone  of  67  feet, 
not  more  than  41  feet  is  to  be  referred  to  the  Berea 
sandstone 67  73  — 

3.  In  Bedford  formation.  Sandstone  forming  top  of  small 
fall,  above  which  is  rather  soft,  bluish,  argillaceous 
shale.  The  sandstone  is  bluish-gray,  rather  coarse- 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

grained,  and  the  top  of  the  upper  layer  shows  ripple- 
marks.  The  upper  layer  of  sandstone  is  11  inches  thick, 
below  which  is  a  shaly  parting  of  3±  inches,  and  then 
the  lowest  and  thickest  part  of  the  zone 3|  5f 

2.  Bluish,  arenaceous  shale I 

1.     Compact,  bluish-gray,  rather  fine-grained  sandstone 

The  texture  of  the  sandstones  in  this  small  fall  is  more  like  that  of 
the  Euclid  sandstones  than  the  Berea  and  they  belong  in  the  upper 
half  of  the  Bedford  formation.  This  is  another  locality  in  the  Chagrin 
Falls  region  in  which  sandstone  layers  of  considerable  thickness  were 
noted  in  the  upper  portion  of  the  Bedford  formation.  The  reference 
of  these  lowest  outcrops  in  the  Aurora  Branch  to  the  Bedford  formation 
is  in  harmony  with  the  views  of  Dr.  Newberry,  for  he  stated  that 
"The  Bedford  shale  is  here  at  the  junction  of  the  two  branches  of  the 
Chagrin  River  well  shown  below  the  Berea,  though  the  bottom  of  the 
formation  is  not  seen."1 

Some  distance  farther  up  the  river  and  on  its  eastern  side 
is  the  old  quarry  of  the  Independent  Stone  Company  where  the  massive 
Berea  sandstone,  the  Sunbury  fossiliferous,  black  shale  and  super- 
jacent  Aurora  sandstone  are  well  shown.  The  contact  of  the  Berea  and 
Bedford  formations  is  finely  shown  on  the  western  bank  of  the  river 
about  opposite  the  quarry,  below  which  are  the  upper  bluish  shales  of 
the  Bedford  formation. 

Section  at  the  Independent  Stone  Company  Quarry. 

Total 

Thick-  thick- 
ness,   ness. 
Xo.  Feet.     Feet. 

6.  Brecksville  sliale.  Fine,  bluish-black  shale,  with  an  occa- 
sional thin  sandstone,  varying  from  3  to  4  inches  in 
thickness  10=*=  97  § 

5.  Aurora  sandstone.  Mainly  sandstone  zone,  with  shale 

partings,  bluish-gray  in  color  and  rather  fine-grained.  _  7§  87  § 

4.  Sunbury  shale.  Black,  bituminous,  thinly  laminated  and 

very  fossiliferous  in  the  lower  part 12  80 

3.  Top  of  Berea  sandstone,  which  has  a  rough  and  pitted  sur- 

face. A  total  thickness  of  35  feet  and  5  inches  is  shown 
in  the  quarry,  which  does  not  reach  the  bottom  of  the 
formation.  It  may  be  subdivided  into  4  zones,  the 
upper  one  of  which  consists  of  a  variable  number  of 
layers  of  thinner-bedded  sandstones  than  the  lower  ones, 
with  shaly  partings  and  a  thickness  of  6^  feet.  At  its 
base,  a  shaly  parting  below  which  is  a  course  of  massive 
rock,  9£  feet  thick.  Another  shaly  parting,  beneath 
which  is  a  similar  course  of  massive  sandstone,  9  feet 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

8  inches  in  thickness.  This  is  not  separated  by  any 
definite  shaly  parting  from  the  lowest  course  of  massive 
sandstone  in  the  quarry,  which  is  9  feet  9  inches  in 
thickness.  The  upper  part  of  this  quarry,  and  the  sub- 
jacent bank,  which  is  composed  of  the  Sunbury  shale, 
Aurora  sandstone  and  lower  part  of  the  Brecksville 
shale,  is  well  shown  in  Plate  XV 35f—  68 

2.  Interval  between  base  of  quarry  and  base  of  formation 
which,  judging  from  the  section  on  the  opposite  side  of 
the  river,  probably  amounts  to  6|  feet  or  more 61=*=  32§ 

1.  Bedford  formation.  Upper  portion  well  shown  on  the 
river  bank,  which  consists  mainly  of  bluish,  arenaceous 
shales,  with  a  thickness  to  water  level  of  about. 
26  feet.  This  shale  is  all  above  the  sandstone 
zone  which  makes  the  small  fall  some  little  distance 
down  the  river 26  26 

The  contact  of  the  Berea  grit  and  the  Bedford  formation  is  beautifully 
shown  on  the  western  river  bank  about  opposite  the  northern  part  of  the 
Independent  quarry  and  just  above  a  run  that  enters  the  river  from  the 
west.  A  great  depression  in  the  upper  surface  of  the  Bedford  has  been 
filled  by  the  coarse  deposits  of  the  Berea.  This  may  be  considered  as  an 
immense  channel  filling  in  the  upper  surface  of  the  Bedford  and  as 
another  example  of  the  marked  disconformity  between  the  two  formations. 
The  Berea  sandstone  in  the  filling  extends  down  to  within  about  2  feet 
of  the  river  level  at  low  water.  Just  above  the  filling  is  the  nearly 
vertical  wall  of  Bedford  bluish  shales  and  fairly  thin  sandstones,  the 
thickest  perhaps  6  inches,  which  extend  up  the  bank  20  feet  before 
reaching  the  base  of  the  Berea.  The  channel  filling  of  Berea  sediments 
in  the  upper  Bedford,  just  below  the  above  mentioned  cliff,  goes  down 
at  least  15  feet  below  the  top  of  the  formation  on  that  part  of  the  bank. 
All  these  measurements  are  estimates  as  seen  from  the  opposite  side  of 
the  river. 

The  river  bank  and  a  small  run  opposite  the  northern  end  of  the 
Independent  Stone  Company  quarry  furnish  an  interesting  section 
which  will  now  be  described.  This  run  is  only  a  short  distance  above 
the  rock  upon  which  is  the  carved  figure  of  a  woman,  known  as  Squaw 
Rock,  and  below  the  channel  filling  just  described. 

Section  in  Run  Opposite  Independent  Stone  Company  Quarry. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

14.    Brecksville    shale.     Blackish    shale,    which 

extends  up  the  run  to  the  highway  bridge    24         6          131          3 
13.     Very  thin  layers  of  sandstone,   from  one- 
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Thickness  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

fourth    to    one-half  inch    thick,    which 

weathers  to  a  rusty  color __          3          106          9 

12.     Bluish-gray     sandstone,     weathering     into 

thin  layers 3          106          6 

11.     Black,  argillaceous  shale 15        __          106          3 

10.     Blue,  fine-grained  sandstone __          3£          91          3 

9.     Blackish,  argillaceous  shale 3          2|          90        11% 

8.     Blue,  fine-grained  sandstone __          4  87          9 

7.  Zone  of  mainly  blackish  shales  with  some 
very  thin,  bluish-gray,  arenaceous  ones 
to  very  thin,  sandstone  layers,  one- 
fourth  inch  or  less  in  thickness 5  3  87  5 

6.  Bluish-gray,  thin-bedded,  fine-grained  sand- 
stone   __  4$  82  2 

5.     Bluish-black,  slaty  shale  _.  1          2  81          9£ 

4.  Aurora  sandstone.  Blue,  fine-grained  sand- 
stone, with  some  thin  shale  partings,  one 
of  which  is  2f  inches  thick;  but  the  zone 
as  a  mass  is  mainly  blue  sandstone 6  7£  80  1\ 

3.  Suribury  shale.  Black,  bituminous  shale, 
which  is  very  fossiliferous  in  the  lower 
part,  and  at  the  base  are  some  tough 
layers  ...  10  2  74 

2.  Berea  grit.  Upper  part  composed  of  even 
layers  like  those  in  the  quarry  across 
the  river.  Ripple-marks  occur  in  the 
upper  third  of  this  zone.  Below  are 
three  massive  layers,  similar  to  those 
in  the  quarry.  Stone  rather  coarse- 
grained, with  some  cross-bedding,  which 
is  marked  in  the  lower  part.  The  lowest 
part  of  the  formation  is  rather  coarse- 
grained and  friable,  in  texture  resem- 
bling the  Cussewago  sandstone  of  Penn- 
sylvania. The  sandstone  on  the  south- 
ern bank  runs  down  into  the  bed  of  the 
stream  near  its  lower  end,  while  the  blue 
Bedford  shale  runs  up  the  bank  on  the 
northern  side  of  the  stream,  and  is  still 
higher  on  this  western  bank  of  the  river 
a  little  below  the  run.  The  Bedford  also 
rises  somewhat  on  the  southern  bank  of 
the  run  near  its  mouth.  It  appears  that 
this  stream  has  cut  its  course  across  an 
old  channel  filling  in  the  upper  surface 
of  the  Bedford  formation.  The  contact 
is  so  sharp  and  steep  between  the  sand- 
stone and  shale  that  a  fault  has  been  sug- 
gested as  an  explanation  for  the  struc- 
ture both  in  the  run  and  on  the  bank  of 
the  river  above,  which  has  already  been 

15— G.  B.  15. 
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Thickness.  Total 

No-  thickness. 

Ft.        In.  Ft.          In. 

described,  but  it  appears  now,  that  in 
both  localities,  channel  fillings  in  the 
upper  surface  of  the  Bedford  are  shown. 
In  fact,  it  is  probable  that  these  two  ex- 
amples of  channel  filling  are  in  one  and 
the  same  channel,  though  it  was  not 
possible  to  prove  this  inference.  The 
Berea  sandstone,  as  measured  in  the 
lower  part  of  the  run,  varies  in  thickness 
from  41  feet  10  inches  to  64  feet  4  inches 
in  the  high  cliff  on  the  south  side.  Prob- 
ably the  42  feet  is  nearer  the  average 
thickness  of  the  Berea  sandstone  in  this 
region,  and  the  greater  thickness  of  64 
feet  is  due  to  the  addition  at  the  base  of 
some  22  feet,  which  represents  the  thick- 
ness of  the  filling  in  the  old  channel 41  10  63  10 

1.  Bedford  formation.  Bluish,  arenaceous 
shales,  which  are  rather  coarse,  and  all 
above  the  sandstone  zone  which  forms 
the  small  fall  farther  down  the  river. 
Eighteen  and  one-third  feet  of  these 
shales  were  obtained  from  the  river  level 
to  their  top  in  this  run;  but  on  the  cliff 
just  below  the  run,  22  feet  was  measured, 
where  the  base  of  the  Berea  is  higher.  _.  22  __  22 

This  section  shows  very  clearly  that  the  thickness  of  the  Berea 
grit  near  the  lower  end  of  the  Aurora  Branch  varies  from  nearly  41  to 
over  64  feet  and  that  the  25  feet  reported  by  Dr.  Newberry  "at  the 
junction  of  the  two  branches  of  Chagrin  River"1  did  not  represent  the 
entire  thickness  of  the  formation.  This  lower  part  of  the  Aurora  Branch, 
between  the  two  highway  bridges,  is  a  most  interesting  gorge  from  a 
stratigraphic  standpoint  and  is  well  worth  studying. 

The  sandstone  zone  which  overlies  the  black  shale  that  is  called 
Sunbury  in  these  sections  is  named  the  Aurora  sandstone  from  the  out- 
crops shown  in  Independent  quarry  and  in  the  run  entering  the  river 
from  the  west.  One  of  these  localities  is  very  near  the  river  bank  and 
the  second  one  only  a  comparatively  short  distance  from  it,  so  it  appears 
that  Aurora,  derived  from  the  name  of  this  river,  Aurora  Branch  of  the 
Chagrin  River,  is  an  appropriate  name  for  it.  In  the  quarry  section, 
zone  No.  5  with  a  thickness  of  7|  feet,  and  in  the  section  on  the  opposite 
side  of  the  river,  zone  No.  4  with  a  thickness  of  more  than  6|  feet, 
represent  this  sandstone.  In  both  sections  thin  sandstone  strata  occur 
at  higher  horizons  in  the  Brecksville  shale;  but  the  main  mass  of  the 
rock  is  a  blackish  shale  and  not  a  sandstone  as  in  the  case  of  the  zone  to 
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which  this  name  is  applied.  In  many  of  the  sections  in  northern  Ohio 
there  is  a  sandstone  zone  at  about  this  horizon  between  the  lower  black 
Sunbury-like  shale  and  the  higher  blackish  or  bluish-black  Brecksville 
shale.  For  this  reason  the  zone  seems  sufficiently  important  strati- 
graphically  to  receive  a  geographic  name.  In  the  stratigraphic  dis- 
cussions of  the  various  sections  such  a  name  is  of  assistance  in  referring 
to  the  zone  which  is  considered  a  member  of  the  Orangeville  formation. 
The  writer's  first  choice  for  the  type  section  for  -this  member  was  a 
different  locality,  as,  for  example,  the  section  on  Chippewa  Creek 
above  Brecksville,  or  on  the  Chagrin  River  above  the  Paper  Mill  at 
Chagrin  Falls ;  but  unfortunately  all  these  geographic  names  had  already 
been  applied  to  different  geologic  terranes  and  consequently  were  not 
available.  So  far  as  the  writer  is  aware  the  Auroral  series  of  Rogers 
is  the  only  geologic  name  similar  to  that  of  Aurora  sandstone.  Since 
the  names  are  not  identical  and  the  former  one  has  almost  passed  out 
of  geologic  literature,  except  in  a  historic  sense,  it  appears  to  the  writer 
that  the  term  Aurora  sandstone  is  an  appropriate  name  for  this  member 
of  the  Orangeville  formation. 

The  Aurora  Branch  was  followed  for  several  miles  above  the  In- 
dependent Stone  Company  quarry  in  the  hope  of  finding  additional 
sections  of  the  Carboniferous  formations;  but  in  large  part  the  banks 
are  composed  of  either  glacial  or  alluvial  deposits.  Boulder  clay, 
stratified  sand  deposits  and  beds  of  gravel  form  various  banks  of  con- 
siderable height. 

At  the  iron  bridge  over  the  Aurora  Branch  1.6  miles  north  of  Geauga 
Lake  are  fine  banks  of  Brecksville  shale  in  which  are  some  thin,  harder 
layers  apparently  of  sandstone.  Above  the  bridge  is  a  bank  of  this 
shale  of  bluish-gray  to  blackish  color  which  is  probably  from  30  to  40 
feet  in  height.  The  barometer,  with  an  interval  of  about  3J  hours 
between  readings,  made  the  bed  of  the  river  at  the  iron  bridge  55  feet 
higher  than  the  top  of  the  Berea  grit  in  the  Independent  Stone  Company 
quarry. 

Not  far  north  of  the  iron  bridge  a  creek  enters  the  Aurora  Branch 
from  the  east  in  the  lower  course  of  which  are  rather  extensive  glacial 
deposits.  On  the  highway  climbing  the  hill,  to  the  south  of  the  creek, 
ledges  of  Sharon  conglomerate  are  reached  at  a  barometric  elevation 
of  185  feet  above  the  bed  of  the  creek  and  200  feet  higher  than  the  top 
of  the  Berea  grit  in  the  Independent  Stone  Company  quarry.  Fre- 
quent ledges  of  the  conglomerate  occur  until  the  summit  of  the  high 
ground  is  reached,  45  feet  higher  than  the  lowest  ledge  of  the  conglom- 
erate. The  lowest  ledge  of  the  Sharon  conglomerate  was  also  reached 
on  the  highway  to  the  north  of  this  creek  and  about  one  mile  west  of 
Bainbridge  at  approximately  the  same  elevation  as  on  the  high  ground 
to  the  south  of  it.  A  ledge  of  the  Sharon  conglomerate  is  also  shown 
on  the  highway  to  the  southeast  of  Geauga  Lake  and  another  one  on 
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the  road  toward  Centerville  Mills  to  the  east  of  the  Erie  Railroad. 
Geauga  Lake  is  a  beautiful  lake  of  small  size  which  is  fed  largely  by 
springs  and  furnishes  a  body  of  pure  and  excellent  water. 

At  Centerville  Mills  on  the  southern  border  of  Bainbridge  Town- 
ship and  2.7  miles  south  of  Bainbridge  Village  a  stream  has  cut  a  gorge 
through  the  lower  part  of  the  Sharon  conglomerate,  which  is  bordered 
by  steep  ledges.  The  barometer  gave  30  feet  from  the  base  of  the  ex- 
posed conglomerate  to  the  top  of  the  ledges.  Part  of  the  walls  are 
composed  of  somewhat  imperfectly  defined  layers  of  rock  in  which  are 
numerous  and  coarse  white  quartz  pebbles,  while  the  remainder  is 
simply  a  coarse-grained  sandstone  or  grit.  As  a  result  of  undercutting 
and  weathering  the  rock  breaks  off  in  great  blocks  from  the  steep  sides 
of  the  gorge  and  lies  along  the  side  of  the  creek.  The  barometer  with 
an  interval  of  3  hours  between  readings  gave  the  base  of  the  exposed 
conglomerate  in  this  gorge  as  70  feet  lower  than  the  lowest  ledge  on  the 
hill  east  of  the  iron  bridge  over  the  Aurora  Branch.  If  the  lowest  ex- 
posure seen  at  each  of  these  localities  represents  the  base  of  the  con- 
glomerate, then  in  the  southern  part  of  Bainbridge  Township  there 
is  a  dip  of  about  32  feet  per  mile  to  the  southeast.  It  is  also  evident 
that  all  of  the  higher  ground  of  this  township  is  underlain  by  the  Sharon 
conglomerate,  as  was  represented  on  the  Geological  Map  of  Ohio  by 
Dr.  Newberry. 


CHAPTER   III 
LAKE  AND  GEAUGA  COUNTIES 

From  Chagrin  Falls  to  the  mouth  of  the  Chagrin  River,  Geauga 
County  and  the  greater  part  of  Lake  County  lie  to  the  east  of  its 
valley.  In  these  two  counties  also  lies  the  most  northern  extension 
of  the  plateau  of  northern  Ohio  to  the  east  of  the  Chagrin  River 
and  to  the  south  and  west  of  the  Grand  River.  This  plateau  is  really 
the  western  continuation  of  the  one  covering  southern  New  York 
and  northwestern  Pennsylvania  which  has  been  deeply  trenched  by 
the  Grand  River  and  its  tributaries  on  the  north  and  those  of  the 
Mahoning  River  on  the  south. 

On  the  western,  northern  and  eastern  side  of  this  plateau  in  the  two 
counties  above  named,  are  various  prominent  and  well  known  cliffs 
of  the  Sharon  conglomerate,  as  at  Chesterland  Caves,  Little  Mountain, 
which  is  an  isolated  outlier  of  the  conglomerate,  Thompson  Ledge  and 
Nelson  Ledge  in  the  northeastern  township  of  Portage  County  which 
is  adjacent  to  Geauga  on  the  south.  On  this  plateau  are  the  head- 
waters of  numerous  streams  which  in  their  descent  have  cut  gorges  of 
considerable  depth,  part  of  which  are  bordered  by  outcrops  of  Paleozoic 
rocks.  Some  of  these  are  narrow  and  bordered  by  steep  and  high 
rocky  banks  which  afford  excellent  opportunities  for  studying  the  for- 
mations exposed  in  them.  Geauga  County  is  well  watered,  contains 
numerous  excellent  springs  and  on  account  of  its  elevation  and  com- 
parative nearness  to  Lake  Erie  (14  miles)  is  salubrious  in  summer  and 
one  of  the  best  sections  of  the  State  for  a  summer  home.  There  are 
several  small  villages  on  the  highland  the  two  principal  ones  being 
Burton  and  Chardon.  The  last  named  town  is  the  county  seat  of 
Geauga  County,  and  is  reached  by  the  New  Castle  Division  of  the 
Baltimore  and  Ohio  Railroad  from  Youngstown  and  Warren  on  the 
south,  or  Painesville  on  the  north,  and  the  Cleveland  and  Eastern 
Division  of  the  Eastern  Ohio  Traction  Company  from  Cleveland. 
The  town  is  located  on  one  of  the  outliers  of  the  Sharon  conglomerate 
with  excellent  drainage  in  all  directions,  with  about  as  high  an  elevation 
as  any  portion  of  the  adjacent  highland  (1,300  feet  above  sea  level  at 
the  center  of  the  village) ,  so  that  in  summer  it  is  generally  compara- 
tively cool  for  Ohio. 

The  principal  streams  in  the  western  part  of  this  area  are  the  upper 
part  of  the  Chagrin  River  and  the  East  Branch  Chagrin  River,  which 
enters  the  main  stream  about  one  mile  south  of  Willoughby.  The 

(213) 
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course  of  the  Chagrin  River  has  already  been  described  and  the  first  one 
to  be  considered  in  this  chapter  will  be  the  East  Branch  with  its  tribu- 
taries  and  the  adjacent  country. 

Section  of  Penitentiary  Glen.  —  This  stream  enters  the  ICast 
Branch  at  Kirtland,  the  seat  of  the  first  Mormon  temple,  in  the  northern 
part  of  Kirtland  Township.  About  two  miles  to  the  southeast  of 
Kirtland  is  that  portion  of  the  stream  known  as  Penitentiary  Glen  or 
"the  rocks/'  below  the  house  of  Mr.  Hafla.  A  fall  occurs  not  far  be- 
low the  highway,  which  crosses  the  upper  part  of  the  stream,  and  below 
this  fall  the  stream  has  cut  a  narrow  trench  in  the  Berea  grit  with  rocky, 
curving  walls  first  on  one  side  and  then  on  the  other  of  its  course. 

Penitentiary  Glen  Section. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

2.  Berea  sandstone.  Coarse-grained,  brownish-gray  to  gray 
in  color,  and  on  weathering  is  often  greatly  iron-stained. 
A  large  part  of  the  upper  portion  is  strongly  cross- 
bedded.  In  the  upper  part  of  the  bank  the  cross- 
bedded  layers  are  very  thick,  but  lower  in  the  glen  they 
are  thinner.  From  the  top  of  the  highest  part  of  the 
bank,  which  is  still  the  Berea  sandstone,  to  the  base  of 
the  formation,  is  40  feet  by  the  barometer  and  38  feet 
by  level  38  76 

1.  Bedford  formation.  The  contact  of  the  two  formations  is 
shown  in  a  small  fall,  and  on  the  cliff,  at  one  side  of  the 
stream.  It  is  composed  of  bluish-gray  to  gray,  arena- 
ceous shales  and  thin-bedded  sandstones.  The  sand- 
stones are  rather  thicker  in  some  layers  and  form  a 
greater  proportion  of  the  rocks  of  the  formation  than 
in  the  sections  to  the  west  of  the  Chagrin  River.  From 
the  lowest  outcrop  seen  in  the  creek,  which  is  probably 
not  the  base  of  the  formation,  to  the  base  of  the  Berea 
sandstone,  is  25  feet  according  to  one  reading  of  the  ba- 
ometer  or  38  feet  as  leveled  by  Mr.  Flory 38  (?)  38 

Near  the  headwaters  of  this  stream  and  about  2.8  miles  southeast 
of  Kirtland  is  a  high  rounded,  isolated  hill  known  as  Pearson's  Mountain. 
According  to  the  topographic  map  its  elevation  is  a  little  more  than 
1,200  feet  above  sea  level  and  by  the  barometer  its  top  is  220  feet  higher 
than  the  highest  outcrop  of  the  Berea  sandstone.  It  is  capped  by  the 
Sharon  conglomerate;  but  the  rounded  summit  is  more  or  less  completely 
covered  by  trees  or  grass  and  there  are  no  favorable  exposures  of  the 
conglomerate. 

Section  Near  Mitchells  Mill.— The  old  Mitchells  Mill  (near  which 
is  the  present  one  of  Maltby)  is  located  in  the  western  part  of  Chardon 
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Township  not  far  from  where  the  East  Branch  of  the  Chagrin  River 
turns  from  its  northerly  course  toward  the  west.  In  this  neighborhood 
part  of  the  river  banks  are  fairly  high  and  composed  of  the  shales  and 
thin  sandstones  of  the  Chagrin  formation.  Very  near  where  the  river 
changes  the  direction  of  its  course  Weller  Creek  enters  from  the  north- 
east and  along  the  lower  half  of  its  course  its  banks  are  bordered  by  Pale- 
ozoic rocks.  The  banks  farther  up  the  stream,  at  least  as  far  as  seen,  are 
composed  of  alluvial  and  drift  deposits  and  glacial  boulders  of  crystalline 
rock  are  abundant  at  various  localities. 

The  highest  outcrop  of  the  older  rocks  seen  on  the  creek  occurs 
but  a  short  distance  below  its  fork,  where  the  following  section  near 
the  base  of  the  Bedford  formation  is  shown  on  its  western  bank: 

Upper  Section  of  Weller  Creek. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Ft.          In. 

6.     Blue  sandstone  at  top  of  bank __          5  4        11 

5.  Blue  shale 11  46 

4.  Blue,  fine-grained  sandstone ._          3f  3          5 

3.  Blue  shale,  argillaceous  and  slightly  arena- 

ceous        26  31 

2.  Blue,  fine-grained  sandstone 2  7 

1.  Blue,  soft  shale  to  bed  of  creek 5  5 

This  section  is  known  to  be  near  the  base  of  the  Bedford  formation 
since  after  a  covered  interval  of  10  feet  below,  the  Cleveland  black 
shale  is  shown  in  the  bed  and  bank  of  the  creek. 

The  following  is  the  complete  section  of  the  Paleozoic  rocks  shown 
on  Weller  Creek: 

Complete  Section  of  Weller  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

6.  Bedford  formation.  Only  a  few  feet  of  blue, fine-grained  sand- 

stones and  shales  near  the  base  of  the  formation  exposed      5 —  138 

5.  Covered  interval  10      133 

4.  Cleveland  shale.    Massive,  black,  typical  Cleveland  shale 

is  shown  along  the  creek,  with  a  thickness  of  5  feet  bar- 
ometric from  the  lowest  to  the  highest  outcrop.  In  the 
bed  of  the  creek,  and  on  the  eastern  bank,  a  little  above 
the  lowest  outcrop,  2  feet  is  shown  in  continuous  sec- 
tion    5  123 

3.  Covered  interval.     One  reading  of  the  barometer  made 

this  interval  25  feet  and  a  second  one  10  feet,  and  15  feet 

has  been  used  in  this  section  _'. 15      118 

2.  Top  or  near  top  of  Chagrin  formation.    At  top  of  cascade, 

in  creek  on  the  Silver  Lance  farm  of  Adam  Knierim, 
above  the  stone  highway  viaduct,  near  School-house 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

No.  6.  The  cascade  is  formed  by  a  blue,  thin  sand- 
stone, just  below  which  is  blue  shale.  In  the  sandstone 
are  numerous  specimens  of  one  form  of  Spirophyton 
(Taonurus)  (the  one  with  the  comparatively  long  and 
nearly  parallel  sides), while  the  blue  shale  just  below  the 
sandstone  contains  an  occasional  specimen  of  Spirifer 
disjunctus  Sowb.,  Camarotcechia  cf.  eximia  Hall  and 
Grammysia  sp.  A  few  rods  below  the  viaduct  is  a  much 
higher  cascade,  the  crest  of  which  is  made  by  a  thin 
sandstone,  perhaps  6  inches  thick,  but  the  cascade  and 
the  banks  below  are  composed  mainly  of  blue,  argilla- 
ceous and  arenaceous  shales,  which  contain  very  few 
fossils,  and  only  an  occasional  specimen  of  poorly  pre- 
served Spirifer  disjunctus  Sowb.  was  seen.  The  cas- 
cade and  banks  of  the  gorge  show  typical  outcrops  of 
the  Chagrin  formation.  For  this  interval,  one  reading 
of  the  barometer  gave  35  feet  and  another  20  feet,  so 
that  an  average,  or  28  feet,  has  been  used  for  this  sec- 
tion    28  103 

1.  From  the  foot  of  the  cascade  to  the  level  of  the  East  Branch 
the  rocks  are  fairly  well  exposed  along  the  creek,  and 
belong  in  the  Chagrin  formation.  The  barometric 
reading  was  taken  at  water  level,  on  the  river  opposite 
Hayden's  watering  trough,  and  gave  75  feet  from  the 
foot  of  the  cascade  to  river  level 75  75 

In  the  above  section  the  top  of  the  upper  cascade  in  the  Chagrin 
formation  which  is  comparatively  near  the  top  of  the  formation  is, 
according  to  the  average  of  two  barometric  readings,  325  feet  below 
the  base  of  the  Sharon  conglomerate  as  shown  on  the  highway  1.4  miles 
to  the  southeast  near  Chardon  Center.  This  325  feet  represents  for 
this  section  the  approximate  total  thickness  of  the  Cleveland  shale, 
Bedford  formation,  Berea  sandstone  and  Cuyahoga  terrane. 

On  the  highway  leading  from  School-house  No.  6  and  the  Knierim 
farm  to  Chardon  Centre  the  Paleozoic  rocks  are  concealed  until  after 
passing  the  three  corners  and  the  house  of  L.  A.  Rider.  The  rocks 
shown  along  this  road  may  be  tabulated  as  follows: 

Section  Along  Highway  Northwest  of  Chardon  Centre. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

5.  Sharon  conglomerate.  Exposed  by  side  of  highway,  north- 
west of  School-house  No.  4,  in  small  quarry  to  the  north 
of  the  road,  and  its  base  is  shown  in  highway  gutter  a 
few  rods  below  the  house  of  Mr.  Austin  Hayden.  This 
is  shown  to  be  the  base  of  the  conglomerate  by  compar- 
ison with  the  record  of  the  upper  part  of  the  well  drilled 
at  the  Austin  Hayden  house,  which  passed  through  15 
feet  of  conglomerate  and  sandstone,  and  the  barometer 
gave  the  same  thickness  for  the  interval  from  the  mouth 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

of  the  well  to  the  base  of  the  ledge  in  the  highway 
gutter.  Some  of  the  conglomerate  contains  numerous 
quartz  pebbles,  part  of  them  of  fairly  large  size,  and 
other  portions  are  really  only  a  coarse  sandstone  to  grit.  15  443 

4.  Covered  interval.  (The  upper  42  feet,  however,  of  this  in- 
terval is  shown  by  the  Hayden  well  record  to  consist 
of  shale  and  blue  sandstone) 55  428 

3.  In  the  gutter,  opposite  the  first  house  below  Hay  den's 
(that  of  Mr.  H.  M.  Burr),  are  shown  thin,  grayish  sand- 
stones, which  are  much  shattered.  Below  are  soft, 
bluish-black,  argillaceous  shales,  with  an  occasional 
sandstone  layer  an  inch  or  less  in  thickness.  These 
shales  represent  the  Brecksville,  and  are  exposed  as  far 
as  the  house  of  Mr.  L.  A.  Rider,  a  few  rods  above  the 
three  corners,  and  a  short  distance  beyond  it 57  373 

2.  Covered  interval  to  top  of  cascade  in  Weller  Creek,  above> 

the  stone  viaduct  on  the  Adam  Knierim  farm,  which  is 
comparatively  near  the  top  of  the  Chagrin  formation. 
In  the  lower  part  of  the  interval,  in  the  steep  road  banks 
southeast  of  the  creek,  are  boulder  clay  and  other 
drift  deposits 213  316 

1.  Chagrin  formation.    From  the  top  of  the  cascade  to  the 

level  of  the  East  Branch  of  the  Chagrin  River 103      103 

The  measurements  of  intervals  in  the  above  section  are  mainly  bar- 
ometric, but  apparently  not  far  from  correct,  since  the  difference  in 
altitude  between  the  river  level  and  the  top  of  the  hill  at  Mr.  Hayden's 
is  430  feet  as  nearly  as  can  be  determined  from  a  photographic  copy  of  the 
Mentor  topographic  sheet.  It  will  be  noticed  that  there  is  a  difference 
of  but  13  feet  in  the  two  estimates  and  it  is  not  certain  but  that  a  clearer 
copy  of  the  topographic  sheet,  so  far  as  the  river  valley  is  concerned, 
will  add  a  little  to  the  estimate  based  upon  it.  In  the  above  section 
the  thickness  of  the  interval  from  the  top  of  the  cascade  (No.  1)  to  the 
base  of  the  Sharon  conglomerate  (No.  5)  is  325  feet.  On  another  day 
the  barometer  gave  335  feet  for  the  same  interval  and  on  the  third  day 
320  feet. 

The  well  record  at  the  house  of  Mr.  Austin  Hayden,  about  two- fifths 
of  a  mile  northwest  of  Chardon  Centre,  has  already  been  mentioned.  The 
complete  record  is  as  follows;  the  measurement  furnished  by  Mr.  Harden. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

3.  Sharon  conglomerate.     Sandstone  to  grit  and  conglomerate     15        57 

2.  Top    of    Cuyahoga    terrane.     "Soap-rock"    of   the    driller, 

probably  a  soft  shale 12        42 

1.     "Blue  sandrock"  of  driller,  a  blue  sandstone  to  bottom  of 

well  _  30        30 
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The  lower  42  feet  of  this  record  corresponds  to  the  upper  42  feet 
of  the  covered  interval  in  No.  4  of  the  highway  section  and  leaves  only 
about  13  feet  of  this  zone  unknown.  It  will  be  remembered  that  at  the 
top  of  No.  3  in  the  highway  section  as  shown  ( in  the  gutter  are  thin 
grayish  sandstones  and  it  is  not  improbable  that  the  greater  portion  of 
the  unknown  part  of  the  covered  interval  is  also  composed  of  sand- 
stones. This  indicates  that  near  the  top  of  the  Cuyahoga  terrane 
in  this  region  there  is  a  sandstone  zone  perhaps  45  feet  in  thickness, 
which  probably  represents  the  Sharpsville  sandstones  of  Pennsylvania 
in  which  case  it  is  evident  that  in  this  region  the  Cuyahoga  terrane 
does  not  extend  much  above  their  top  when  the  base  of  the  Sharon 
conglomerate  is  reached. 

North  from  Chardon  Centre  and  a  few  rods  north  of  the  Charles 
Diedrich  house  the  Sharon  conglomerate  forms  the  floor  of  the  road 
for  a  short  distance.  It  has  a  smooth  glaciated  surface  on  which  are 
striae,  some  of  which  are  so  coarse  that  perhaps  they  might  be  termed 
small  furrows,  which  run  N.  20°  E.  and  S.  20°  W.  A  little  below,  a 
small  cut  in  the  conglomerate  has  been  made  for  the  highway  and  it  is 
also  shown  somewhat  lower  in  the  gutter.  The  upper  portion  of  the 
outcrop  is  mainly  a  coarse  grit  with  some  quartz  pebbles;  but  near  the 
base  the  quartz  pebbles  are  numerous  and  it  is  a  typical  conglomerate. 
The  thickness  of  the  conglomerate  shown  in  this  ledge  is  about  30  feet 
by  both  the  barometer  and  level.  What  was  taken  for  the  base  of 
the  conglomerate,  however,  according  to  the  barometer  is  about  15  feet 
lower  than  on  the  road  below  Austin  Hayden's,  less  than  one-half  mile 
to  the  northwest. 

Stcbbins  Gulch.  —  This  glen  is  the  most  interesting  geological 
locality  in  Chardon  Township  and  one  well  worthy  of  careful  study. 
It  is  supposed  to  be  the  locality  mentioned  by  Mr.  M.  C.  Read  in  his 
report  of  Geauga  County  as  the  "Big  Gull"  in  which  he  stated  that 
"the  Berea  grit  is  finely  exposed. "i  The  stream  enters  the  East  Branch 
from  the  east  not  far  above  the  house  of  Mr.  J.  J.  Tate  and  about  three- 
tenths  of  a  mile  south  of  the  old  Mitchells  mill.  In  a  direct  line  the  upper 
exposures  of  rocks  on  the  stream  begin  at  a  distance  of  about  3.2  miles 
to  the  northwest  of  Chardon  and  one  mile  southwest  of  Chardon  Centre. 
The  highest  outcrops  of  Carboniferous  rocks  seen  on  the  stream  occur 
some  distance  below  the. north  and  south  road  which  nearly  reaches 
it  at  the  house  formerly  occupied  by  C.  Hayden  and  later  by  Barnes. 
For  some  distance  down  the  stream  from  this  locality  the  banks  are 
composed  of  alluvial  or  drift  material  until  in  the  pasture  above  the 
woods  bordering  the  "Gulch"  bluish  shales  and  thin  sandstones  of  the 
Cuyahoga  terrane  are  reached.  Farther  down  the  stream  it  has  cut 
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a  deep  and  narrow  trench  in  the  soft,  massive  Berea  sandstone  which  is 
deeper  and  broader  after  it  has  cut  completely  through  the  Berea  sand- 
stone and  its  bed  lies  in  the  Bedford  and  Cleveland  formations.  The 
Berea  sandstone  forms  heavy  cliffs  which  border  the  stream  for  some 
distance  and  in  places  it  is  undercutting  so  that  the  sandstone  projects 
over  the  water.  The  basal  layers  of  the  Berea  form  a  pretty  fall  and 
farther  up  the  gorge  is  a  cascade  over  the  Berea  sandstones.  It  is  a 
locality  well  worthy  of  a  visit  from  either  the  scenic  or  geologic  stand- 
point. 

Section  of  Stebbins  Gulch. 

Thickness.  Total 

No.  thickness. 

Ft.        In.  Feet. 

15.  Brecksville  shale.  The  highest  outcrops 
seen  on  the  stream  consist  of  bluish 
shale,  part  of  which  is  argillaceous,  and 
arenaceous  shales  to  thin,  bluish  sand- 
stones, shown  in  the  bed  of  the  stream 
and  low  bank.  A  few  rods  farther  down 
it  is  a  bank  about  10  feet  high,  the  top  of 
which,  by  the  barometer,  is  at  about  the 
same  level  as  the  highest  outcrops 
noted  in  the  stream  bed,  which  is  com- 
posed mainly  of  shale,  but  contains  some 
layers  of  bluish-gray,  fine-grained  sand- 
stone. There  are  two  rather  conspicu- 
ous sandstone  layers  from  4£  to  6  inches 
in  thickness,  separated  by  from  2  to  3 
inches  of  shale,  and  still  higher  is  another 
one  about  3  inches  thick.  These  sand- 
stones are  only  about  25  feet  above  the 
base  of  the  Brecksville  shale,  and  are 
rather  thicker  and  more  conspicuous 
than  generally  noted  at  so  low  an  horizon 
in  it.  Similar  thin-bedded,  compact 
ones,  which  have  perhaps  crept  several 
feet  down  the  bank,  may  be  seen  on  the 
northern  side  of  the  "Gulch,"  opposite  the 
upper  outcrops  of  the  Berea  sandstone, 
and  between  20  and  30  feet  up  the 
bank.  Farther  down  the  stream  are 
some  apparently  calcareous,  rusty,  con- 
cretionary-like  layers.  Still  farther  is 
a  bank  some  20  feet  high,  composed  of 
bluish-black,  fine  shale,  with  an  occa- 
sional sandy  layer  in  the  lower  part, 
varying  in  thickness  from  a  fraction  to 
perhaps  1  inch.  This  bank  has  the  gen- 
eral lithologic  appearance  of  the  typical 
Brecksville  shale 32  ._  306 

14.  Chardon  sandstone.  On  the  northern  bank 
is  a  somewhat  shattered  ledge  of  rather 
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Thickness  Total 

No.  thickness. 

Ft.        In.  Feet 

thin-bedded  and  shaly  sandstone,  but 
with  some  layers  from  8  to  10  inches 
thick,  which  is  compact,  fine-grained, 
of  bluish  color,  weathering  to  a  buff. 
It  is  composed  of  fine,  quartz  grains 
of  sand  similar  to  those  of  the  Bed- 
ford or  Sharps ville  sandstones.  On  this 
bank  this  sandstone  member  has  a  thick- 
ness of  7  feet  8  inches,  above  which  is 
a  foot  of  soft,  argillaceous  shale  of  the 
Brecksville.  This  sandstone  zone  is  also 
shown  in  the  run  from  the  north,  enter- 
ing the  creek  a  short  distance  below  the 
last  ledge  of  the  upper  layer  of  the  Berea 
grit,  on  the  same  side  of  the  creek.  In 
this  run  there  are  loose  blocks,  appar- 
ently of  this  sandstone,  which  show 
ripple-marks,  and  the  member  is  about 
8  feet  in  thickness.  Argillaceous  shale, 
bluish  to  buff  colored  as  weathered,  oc- 
curs in  the  run  above  this  sandstone. 
The  shale  interval  between  this  sand- 
stone and  the  Berea  grit  is  twice  or  three 
times  as  thick  as  between  the  Berea  and 
the  sandstone  in  the  Cleveland  region. 
On  this  account  the  writer  is  not  sure  that 
they  are  identical,  and  for  convenience  in 
referring  to  this  higher  sandstone  the 
name  Chardon  is  proposed  for  it  from  this 
locality  in  the  western  part  of  Chardon 

Township 7          8  274— 

13.  Shale  zone;  the  lower  portion  of  which  at 
least  represents  the  Sunbury  shale. 
The  upper  part  of  this  zone  is  shown  on 
the  northern  bank  of  the  main  creek,  not 
far  below  the  sandstone  cliff  which  was 
described  above.  This  portion  of  the 
shale  is  bluish  to  blackish  in  color,  soft 
and  argillaceous,  with  an  occasional 
sandy,  bluish  layer,  one-fourth  of  an  inch 
or  so  in  thickness.  In  the  summer  of 
1909  the  northern  bank  above  the  ledge 
formed  by  the  upper  layer  of  the  Berea 
was  uncovered  so  that  the  shale  for  17 
feet  was  exposed  in  an  almost  vertical 
cliff,  above  the  top  of  the  Berea  sand- 
stone. This  cliff  was  measured  by  Mr. 
Morse,  who  obtained  the  following  sec- 
tion: Bluish,  argillaceous  shale,  which 
is  rather  indurated  in  the  upper  part  of 
the  exposure,  11  feet.  Band  of  black, 
tough  shale,  with  bluish,  softer  shale 
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below.  Underneath  is  bluish  -  black 
shale,  and  the  basal  part  is  black,  bitu- 
minous, and  very  tough,  with  the  litho- 
logic  characters  of  the  Sunbury  shale, 
which  rests  directly  on  top  of  the  Berea 
sandstone,  6  feet. 

Farther  up  the  stream,  where  the 
shale  is  exposed  on  its  bank,  and  in  its 
bed,  the  black  shale  is  again  shown  rest- 
ing directly  on  top  of  the  Berea  sand- 
stone, and  within  1  or  2  inches  of  the 
Berea  it  contains  specimens  of  Lingula 
melie  Hall  in  considerable  abundance  and 
also  of  Orbiculoidea  herzeri  Hall  and 
Clarke,  which  are  the  abundant  species 
almost  universally  found  within  2  or  3 
inches  of  the  base  of  the  Sunbury. 

The  thickness  of  this  shale  interval 
was  obtained  in  the  run  from  the  north, 
which  enters  the  main  creek  a  short  dis- 
tance below  the  cliff,  formed  by  the  upper 
layer  of  the  Berea  grit.  In  this  run  the 
top  of  the  Berea  is  shown,  as  well  as  the 
base  and  entire  thickness  of  the  super- 
jacent  sandstone  (Chardon).  In  the  run 
nearly  1  foot  of  blue  argillaceous  shale  is 
shown  just  beneath  the  Chardon  sand- 
stone. The  thickness  of  the  shale  inter- 
val is  29  feet  as  determined  by  Mr. 
Morse,  from  leveling,  and  the  barometer 

gave  30  feet  for  it 29        ._  266 

12.  Top  of  Berea  sandstone.  Upper  zone  of 
massive  sandstone.  The  top  of  the 
Berea  sandstone,  where  shown  in  the 
creek  bed,  with  the  Sunbury  shale  above, 
and  also  farther  down  the  stream  where 
the  upper  zone  forms  a  ledge  on  its  bank, 
is  pitted  and  rough,  evidently  from  the 
disintegration  of  iron  pyrites,  as  is  very 
generally  the  condition  of  the  upper  sur- 
face of  the  Berea.  This  upper,  massive 
zone  is  composed  of  coarse,  white  quartz 
grains,  and  in  the  upper  layer  grains  of 
iron  pyrites  are  mingled  with  them.  It 
is  buff  in  color  and  rusty  as  weathered, 
so  that  the  texture  is  that  of  the  Berea 
sandstone  and  not  at  all  like  that  of  the 
Chardon  sandstone.  In  a  small  gully  on 
the  northern  side,  just  below  where  it 
forms  a  cliff  on  that  bank,  the  upper  sur- 
face shows  ripple-marks.  The  hardness 
and  lithologic  appearance  of  this  sand- 
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stone  zone  in  this  glen  is  very  similar  to 

that  of  the  upper  sandstone  zone  of  the 

Berea  formation,  to  be  described,  in  a 

branch  of  Bates  Creek  and  at  Windsor 

Mills.     In    all    of    these    outcrops    the 

grains  of  sand  are  generally  firmly  ce- 
mented together,  so  that  it  is  not  friable 

like  the  main  mass  of  the  Berea 4         6  237 

11.  Shale  zone  composed  of  bluish-gray,  argil- 
laceous and  arenaceous  shales,  alternat- 
ing with  bluish,  fine-grained,  compact 

sandstones  an  inch  or  less  in  thickness, 

in  which  the  arenaceous  shale  predomi- 
nates.    Some   of   the   layers   show   fine 

ripple-marks,  while  on  the  top  of  others 

are  numerous  fucoid  markings.    Most  of 

the  shale  is  very  gritty  and  not  at  all 

like  the  Sunbury  in  lithologic  character, 

so  that  there  is  no  question  concerning 

its  occurrence  in  the  Berea  formation. 

The  base  of  this  zone  begins  above  the 

cascade,  and  by  the  hand-level  is  8  feet 

in  thickness.     It  closely  resembles  litho- 

logically  the  shale  zone, described  farther 

on,  which  occurs  in  the  upper  part  of  the 

Berea  formation  at  Windsor  Mills.    The 

corresponding  shale  zone,  in  the  upper 

part  of  the  Berea  formation,  in  a  branch 

of  Bates  Creek,  which  will  be  described 

later,  is  to  a  much  greater  extent  an  ar- 
gillaceous shale  8  232J 

10.    Main  mass  of  Berea  sandstone,  the  top  of 

which,   by  taking  the  average  of  two 

readings  of  the  barometer,  is  56§  feet 

higher  than  its  base.    The  upper  part  of 

this  zone,  above  the  upper  cascade,  is 

thin-bedded,    flaggy,    and   shows   some 

ripple-marks.     The  narrow  part  of  the 

"gulf"  or  canyon  has  been  excavated  out 

of  this  portion  of  the  formation,  and  is 

located  on  the  Hitchcock  and  Barnes 

farm,  which  was  formerly  the  Stebbins 

farm.    Near  the  upper  part  of  this  zone 

is  a  cascade,  while  the  sandstones  at  the 

base  of  the  formation  give  rise  to  a  fall 

of   about   10  feet   in   height.    Between 

these  two  cascades  most  of  the  gorge  is 

comparatively  narrow,  and  bounded  by 

steep  sides  of  massive  sandstone.    The 

lowest  bed,  which  occurs  at  the  top  of 

the  lower  fall,  is  1  foot  4  inches  thick, 

composed  of  coarse,   quartz  sand,   and 
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splits     into    rather    thin   layers,    which 
show  ripple-marks  and  mud-cracks.     The 
chemical  composition  of  the  base  of  this 
bed  is  as  follows,  according  to  the  anal- 
ysis    by     Professor     Demorest:    Clay, 
13.8%;  quartz,   74.5%,   feldspathic  ma- 
terial,   10.7%;    Fe2Os,  1%.    Just  above 
the  fall,  small  pot  holes  occur  in  the  bed 
of  the  creek.    Above  the  lowest  stratum 
is    massive     sandstone,     forming    high 
cliffs.     The  one  on  the  northern  bank, 
above  the  lower  fall,  shows    a  zone  of 
very  heavy  and  conspicuous  cross-bed- 
ding, about  7  feet  above  the  base  of  the 
formation,  which  overhangs  the  fall  and 
stream.     This  massive  part  of  the  Berea 
is    of  buff   color  and  the  grains  of  sand 
not  very  firmly  cemented,  so  that  it  dis- 
integrates readily,  forming  beds  of  loose 
sand  on  the  talus  slopes.     On  the  north- 
ern bank,  heavy  beds  of  Berea  sandstone 
may  be  followed  for  some  rods  down  the 
stream  from  the  fall,  and  at  the  lower 
end,  where  conspicuous,  the  base  is  some 
45  feet  or  more  higher  than  the  bed  of  the 
stream.     Opposite,  and  below  the  picnic 
grounds,  this  part  of  the  ledge  is  well 
shown,  where  from  near  its  top  a  large 
grindstone   has   been   partly   fashioned. 
According  to  the  barometer,  50  feet  of 
Berea  sandstone  is  shown  at  this  local- 
ity in  the  ledge  which  in  the  upper  and 
middle  part  is  buff  to  yellowish-brown 
in  color,  coarse-grained  and  friable,  so 
that  on  a  weathered  surface  it  is  rather 
easily  crushed  in  the  fingers.     Near  the 
base  of  the  massive  cliff  the  sandstone 
is   soft,    buff   in   color,    with   numerous 
brownish  spots,  and  there  is  cross-bedded 
structure.     The    complete    thickness    of 
the  formation,  as  determined  partly  by 
barometer   and  partly   by   level,    when 
followed  from  the  lower  fall  up  stream 
to  the  top  of  the  ledge  formed  by  the 
massive  upper  zone,  is  69$  feet,  which,  at 
least  from  the  standpoint  of   thickness, 
makes  this  an  important  section  of  the 

Berea  sandstone  in  northern  Ohio 56          8 

9,  Bedford  formation.  At  its  top,  as  shown 
in  the  lower  fall,  is  a  stratum  of  soft, 
blue,  argillaceous  shale,  the  top  of  which 
is  regarded  as  marking  the  upper  limit 
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of  the  formation.  This  zone,  as  shown 
on  the  eastern  bank  of  the  creek,  about 
100  yards  below  the  fall,  has  decreased 
in  thickness  so  that  it  varies  from  a  little 
more  than  an  inch  to  rather  more  than 
2  inches,  and  the  coarse  Berea  sandstone 
rests  almost  on  top  of  the  subjacent 
thick-bedded,  fine-grained,  blue,  Bed- 
ford sandstone.  From  the  fall,  as  this 
shale  zone  is  followed  along  the  bank, 
its  rapid  thinning  from  above  is  very 
clearly  shown,  indicating  that  it  is  due 
to.  erosion  previous  to  the  deposition  of 
the  coarse  Berea  sands.  This  thinning 
of  the  shale  zone  brings  the  Berea  and 
Bedford  sandstones  almost  into  contact 
on  the  cliff;  but  their  weathered  appear- 
ance is  quite  different,  the  Berea  show- 
ing that  it  is  coarser  grained  and  not  so 
compact  as  the  lower,  blue  sandstone. 
The  overhanging,  lower  surface  of  the 
Berea  shows  large  and  beautiful  casts  of 
mud-cracks,  and  there  are  also  some  clay 
pebbles  in  the  lower  part  of  the  Berea. 
The  lower  portion  of  the  Berea  here  has 
thickened  to  a  massive  sandstone  from 
the  thin-bedded  sandstone  shown  in  the 
falls  above.  This  bank  seems  clearly  to 
show  a  disconformity  between  the  Berea 
and  Bedford  formations.  On  the  bank 
the  marked  break  is  at  the  base  of  the 
8£-inch  blue  sandstone,  zone  6,  and  at 
first  this  horizon  was  considered  as  the 
line  of  division  between  the  Bedford  and 
Berea  formations;  but  the  facts  stated 
above  show  that  the  line  of  separation 
between  these  two  formations  is  at  the 

base  of  zone  10 1  167f 

8.  A  stratum  of  compact,  blue  sandstone,  com- 
posed of  fine,  quartz  grains,  so  that  it  is 
largely  a  quartz  sandstone;  but  litholog- 
ically  like  those  found  at  other  locali- 
ties farther  east  in  the  upper  part  of  the 
Bedford.  The  analysis  by  Professor 
Demorest  showed  its  chemical  compo- 
sition to  be  as  follows:  Clay,  12.7%; 
quartz,  70.2%;  feldspathic  material, 
15.5%;  Fe2O3,  1.6% 1  10  166f 

7.     Blue,  argillaceous  and  arenaceous  shale __          3£  165 

6.     Blue,  fine-grained,  quartz  sandstone,  with 

tendency  to  split  into  two  or  three  layers    _-          8£ 
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5.     Blue  shale,  with  thin  sandstone  layers  to 

the  foot  of  the  fall  _____________________      76  164 

4.     Shales  alternating  with  bluish,  fine-grained 

compact  sandstones,  one  layer  of  which 

reaches  a  thickness  of  between  10  and  11 

inches.     The  top  of  the  thin  sandstone 

layers  shows  numerous  fucoid  markings, 

and    one    shows   ripple-marks.     In   this 

part    of   the   formation   the   sandstones 

form  a  large  percentage  of  its  total  thick- 

ness.    The  lower  part  of  the  Bedford  is 

mostly  covered  by  talus,  so  that  it  is  not 

a  favorable  locality  to  hunt  for  the  fauna 

which  occurs  in  the  basal  layers  of  this 

formation.     There   are  some  sandstone 

layers  shown  in  the  bed  of  the  stream  not 

far  above  the  base  of  this  formation,  and 

an  occasional  sandstone  layer  is  a  foot  or 

so  in  thickness.     Its  base  is  apparently 

marked  by   a  sandstone   about   1   inch 

thick.     The  barometer  gave  45  feet  for 

its  thickness  and  48  feet  was  obtained  by 

leveling.    Read   gave   the   thickness   of 

this    formation    in    Geauga    County    as 

"from  forty  to  fifty  feet."'  _____________     40          6  156| 

3.     Cleveland    shale.     The    contact    is    not    so 

sharp  in  this  glen  as  in  some  sections. 

On  the  northern  bank  of  the  main  stream, 

below  the  1-inch  sandstone  mentioned, 

at   the  base   of   the   Bedford,   there  is 

black,  alternating  with  blackish  to  blu- 

ish-gray,   shale.     This   zone  is   perhaps 

about  5  feet  in  thickness,   and  it  was 

found  that  the  shale  with  a  bluish-gray 

surface  is  considerably  blacker  on  cross 

section  when  broken.     In  fact,  it  is  ap- 

parently mainly  black  shale  to  the  thin 

sandstone,  and  hence  this  zone  has  been 

left  in  the   Cleveland   shale.      Farther 

down  the  stream,  the  lower  part  of  the 

Cleveland  is  shown,  which  is  very  black 

and  compact  like  this  shale  in  the  Cleve- 

land region.     The  contact  with  the  Cha- 

grin formation  is  very  sharp,  and  is  well 

shown  on  both  the  northern  and  southern 

banks  at  no  considerable  distance  apart. 

On  the  southern  bank,  at  the  farthest 
contact  up  stream,  occurs  a  steep  bank 

in  which  there  is  3  feet  of  Chagrin  shale 
at  the  base,  to  the  bed  of  the  stream, 


id.,  p.  525. 

16—  G.  B.  15. 
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with  about  10  feet  of  very  black  Cleve- 
land shale  above.  The  slope  above  the 

vertical  cliff  is  also  steep,  showing  black 

shale    considerably    higher,    the    upper 

layers    of    which    are    apparently    very 

black,  and  some  of  this  shale  contains  a 

considerable     quantity     of      marcasite. 

Nearly  27  feet  of  Cleveland  shale  was 

obtained  by  the  level  on  this  bank,  while 

the  barometer  gave  20  feet  between  the 

top   and  bottom   on  the  main  stream. 

Read  estimated  in  the  report  on  Geauga 

County,  that  the  "ravines  cut  through 

about  forty  feet  of  the  Black  or  Cleve- 
land shales."1  The  next  bank  below, 

on  the  opposite  side  of  the  stream,  shows 

a  sharp  and  very  clear  line  of  contact, 

with  about  1\  feet  of  bluish-gray,  Cha- 
grin shales  below,  which  are  coarse  at 

the  base,  and  rest  on  top  of  a  sandstone. 

This  sandstone,  a  little  farther  down  the 

stream,  makes  a  fall,  while  there  is  about 

the  same  thickness  of  Cleveland  shale 

shown  above  the  contact  as  of  Chagrin 

belowit  26+  __  116 

2.  Chagrin  formation.  There  are  practically 

continuous  outcrops  of  the  upper  30  feet 

of  this  formation,  as  measured  by  the 

barometer,  which  extend  to  below  the 

mouth  of  "the  Gulf."     The  rocks  consist 

of  soft,   bluish-gray  shales,   with  some 

that    are    sandy,    and    occasional    thin, 

rather  shaly  layers  of  sandstone,  which 

form  low  falls.     No  fossils  were  found 

with  the  exception  of  certain  branching 

forms  of  a  rather  small  and  pretty  fucoid, 

which  is  abundant,   and  well  shown  in 

one  of  the  thin,  impure  sandstones 30  __  90 

1 .  The  greater  part  of  this  interval  is  covered, 

showing  only  alluvial  deposits,  with  a 

bank   of   boulder    clay,    and   stratified, 

sandy  drift  only  a  few  rods  above  the 

river  road.  There  are,  however,  out- 
crops of  Chagrin  shale,  just  above  the 

abutment  of  the  highway  bridge,   and 

only  2  or  3  rods  from  the  mouth  of  the 

creek,  as  well  as  on  the  banks  of  the  East 

Branch  of  the  Chagrin  River,  near  its 

mouth.     This  interval  is  60  feet  by  the 

barometer;    but  the  reading  was    taken 


llbid.,  p.  525. 
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when  a  thunder  storm  was  in  the  vicin- 
ity. It  probably,  however,  is  not  seri- 
ously in  error,  for  Read,  in  the  Geauga 
County  report,  states  that  "the  branches 
of  Chagrin  River,  in  Chardon,  expose 
something  over  one  hundred  feet  of  the 
Erie  shales,  the  lowest  rocks  to  be  seen 
in  the  county.'^ 60  __  60 

The  following  section  was  measured  on  the  bank  of  the  creek 
about  100  yards  below  the  fall  over  the  base  of  the  Berea  sandstone, 
where  the  top  shale  stratum  of  the  Bedford  formation  has  thinned 
from  1  foot  to  a  little  more  than  an  inch  or  two  in  thickness. 

Section  100  Yards  Below  Falls. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

7.  Berea  sandstone.  Coarse-grained  and  mas- 
sive. The  overhanging  lower  surface 
shows  large  and  beautiful  casts  of  mud- 
cracks  __ 

6.  Bedford  formation.  Blue,  argillaceous 
shale,  varying  in  thickness  from  1+  inch 

to  2+ inches __          1£±       15         4 

5.     One  layer  of  blue,  compact  sandstone 1          3  15          2^ 

4.     Blue,  argillaceous  shale __          3  13        11£ 

3.     Blue,  compact  sandstone __          8  13          8| 

2.  Shale  with  thin  layers  of  sandstone  from  a 
fraction  of  an  inch  to  two  inches  in  thick- 
ness    12  9  13  £ 

1.     Compact,  blue  sandstone  in  bed  of  creek __          3|          __          3£ 

The  different  formations  and  zones  shown  on  this  stream  may  be 
represented  in  the  following  diagrammatic  section: 

'Ibid.,  pp.  525,  526. 
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General  Section  of  Formations  in  Stebbins  Gulch. 
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It  will  be  recalled  that  the  base  of  the  Sharon  conglomerate  has  been 
described  on  the  highway  below  the  house  of  Mr.  Austin  Hayden  not 
far  northwest  of  Chardon  Centre.  The  top  of  the  Berea  sandstone  in 
Stebbins  Gulch  is  about  1  mile  southwest  from  the  basal  outcrop  of  the 
Sharon  conglomerate  above  described.  The  thickness  of  the  interval 
from  the  base  of  the  Sharon  conglomerate  to  the  top  of  the  Berea  sand- 
stone at  this  locality  was  determined  by  the  barometer  from  two  read- 
ings which  gave  on  each  occasion  180  feet.  It  is  believed  that  180  feet 
is  a  fairly  accurate  estimate  for  the  thickness  of  the  Cuyahoga  terrane 
at  this  locality,  which  is  also  in  agreement  with  the  statement  of  Read  in 
his  report  on  Geauga  County  that  the  "Berea  grit  is  to  be  found  at  an 
average  depth  of  one  hundred  and  eighty  feet  below  the  conglomerate. "i 

Gloin  Gulch* — Rather  more  than  three  miles  to  the  west  of  south 
of  Stebbins  Gulch  in  the  northwestern  corner  of  Munson  Township  is 
Gloin  Gulch,  also  on  another  eastern  tributary  of  the  East  Branch  of  the 
Chagrin  River.  The  gulch  is  located  on  the  Fred  Haverly  farm,  the 
steepest  part  of  it  bounded  by  cliffs  of  Berea  sandstone  which  was 
formerly  quarried  by  John  Gloin,  a  contractor,  and  the  stone  was  used 

'Ibid.,  p.  523. 
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in  the  basement  of  the  Chardon  Court  House  and  the  Methodist  Epis- 
copal Church.  Almost  directly  opposite  and  northeast  of  the  Haverly 
farm  buildings,  is  a  fine  hogback  between  the  forks  of  the  stream  and 
on  its  steep  southern  slope  the  upper  part  of  the  following  section  is 
shown.  For  a  few  rods  below  the  junction  of  the  two  branches  of  the 
stream  there  is  a  moderately  broad  valley  with  gradually  rising  banks, 
the  rocks  of  which  are  covered  by  soil  and  grass.  Below  this  part  of 
the  valley,  where  the  stream  cuts  through  the  Berea  sandstone,  it  is 
narrow  and  bordered  by  steep  cliffs  forming  the  gorge  or  gulch. 

Section  of  Gloin  Gulch. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

5.  Brecksville  shale.  About  7  feet  of  bluish-gray,  as  weath- 
ered, soft  shale,  with  an  occasional  thin,  sandy  layer  a 
fraction  of  an  inch  in  thickness.  Above  is  soil  or  Qua- 
ternary deposit  to  the  top  of  the  hogback 7  88  f 

4.  Chardon  sandstone.  Fine-grained,  bluish  sandstone,  in 
layers  varying  from  6  inches  to  a  foot  in  thickness,  with 
partings  of  bluish,  arenaceous  shale,  from  2  to  3  inches 
thick 9f  81§ 

3.  Black  to  bluish-gray,  fissile  shale  fairly  well  shown  on 
southern  side  of  hogback.  From  the  shale  in  the  bed 
of  the  stream,  to  the  base  of  the  Chardon  sandstone, 
is  20  feet  by  barometer  and  22  feet  by  level.  A  slope  of 
shale  is  also  shown  on  the  northern  bank  of  the  stream 
below  the  farm  bridge,  where  the  shale  is  very  black  in 
color.  Lower  part  of  this  zone  is  probably  equivalent 
to  part  of  the  Sunbury  shale 22  72 

2.  Covered  interval  from  upper  outcrop  of  Berea  sandstone  to 
exposure  of  shale  in  stream  at  foot  of  the  hogback.  It 
is  probable  that  this  interval  represents  part  of  the 
Sunbury  shale.  This  shale  zone  appears  to  have  about 
the  same  thickness  as  in  Stebbins  Gulch,  3  miles  to  the 
north,  where  it  is  29  feet,  while  here  it  is  from  22  to  27 
feet  thick 5  50 

1.  Berea  sandstone.  The  stream  forms  a  cascade  over  the 
upper  layers  of  the  sandstone  and  several  rods  farther 
down  its  course  the  banks  are  steep,  forming  a  gorge, 
where  the  rock  was  formerly  quarried  on  both  banks. 
On  the  northeast  side,  the  base  of  the  exposed,  massive 
sandstone  is  about  30  feet  below  the  top  of  the  forma- 
tion, where  7  feet  9  inches  of  massive,  buff,  coarse- 
grained sandstone  is  now  shown.  It  is  composed  of 
white  quartz  grains,  and  in  the  lower  part  of  the  quarry 
are  a  good  many  brown  rust  spots.  In  places,  the 
second  layer  from  the  bottom  is  4£  feet  in  thickness, 
and  would  furnish  thick  blocks  of  stone  for  construction 
or  building.  Above  the  quarry,  in  the  cliff,  fully  as 
great  a  thickness  of  higher  rock  is  shown,  part  of  which 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

is  rather  thin-bedded  and  the  other  is  fairly  massive. 
The  thinner-bedded  layers  not  infrequently  show 
ripple-marks,  and  a  little  farther  down  the  stream, 
this  upper  part  is  composed  entirely  of  thin  layers,  with 
some  cross-bedding.  On  the  southwestern  bank  was 
apparently  the  more  extensive  quarry,  and  all  of  it  is 
composed  of  fairly  thick-bedded  layers,  with  some 
shaly  sandstone  partings.  From  the  base  to  the  top 
of  this  quarry  and  cliff  is  22  feet  by  level.  Below  the 
heavy  quarry  layers,  and  some  rods  farther  down  the 
stream,  in  its  bed,  are  some  thin-bedded  layers;  but 
all  composed  of  the  coarse,  white,  quartz  grains  char- 
acteristic of  the  Berea.  A  thickness  of  about  15  feet 
was  obtained  for  this  lowest  division  of  thin-bedded 
sandstones,  and  below  these  thin  layers  the  valley 
soon  broadens,  and  the  banks  are  alluvial. 45  45 


East  Branch  of  the  Chagrin  River  Near  North  Mtmson*  —  The 
top  of  the  exposed  Sharon  conglomerate  is  shown  on  the  bank  of  the 
East  Branch  of  the  Chagrin  River  just  above  the  stone  culvert  on  the 
highway  and  north  of  H.  J.  Scott's  house  in  North  Munson.  Under 
the  culvert  and  just  below  is  a  cascade  as  the  stream  flows  over  the  upper 
part  of  the  conglomerate.  From  the  top  of  the  ledge  above  the  culvert 
to  the  base  of  the  cascade  is  25  feet  by  the  barometer.  Some  of  the  rock 
contains  many  pebbles  of  white  quartz  and  other  portions  are  mainly 
a  coarse  sandstone  to  grit.  In  the  lower  part  of  the  cascade  near  the 
base  of  the  exposure  are  some  large  quartz  pebbles.  A  good  illustration 
of  joint  structure  is  shown  on  the  southern  side  of  the  stream  and  culvert. 
So  far  as  noticed  the  stream  above  the  culvert  and  upper  ledge  has  low 
alluvial  banks  and  is  said  to  head  at  the  Magnetic  Spring  west  of  Chardon. 

There  is  a  covered  interval  for  some  distance  from  the  cascade 
down  the  stream  until  30  feet  by  barometer  below  the  base  of  the  cascade 
the  first  outcrop  of  the  Cuyahoga  terrane  is  reached  with  a  thickness  of 
about  10  feet.  It  is  composed  of  shales  alternating  with  thin  sand- 
stones, the  layers  of  which  vary  in  thickness  from  3  to  4  inches.  The 
shale  is  bluish  in  color  and  composed  of  rather  thin  laminae.  A  short 
distance  farther  down  the  stream  is  a  better  exposure  of  shale  and  rather 
higher  bank  which  shows  that  most  of  the  outcrop  is  composed  of  bluish- 
gray,  soft  shales  weathering  to  a  rusty  color  with  some  thin  layers  of 
sandstone,  none  of  which,  however,  is  probably  more  than  3  inches  in 
thickness.  Rather  more  than  15  feet  below  the  top  of  the  first  outcrop  a 
stratum  of  bluish,  fine-grained  sandstone  between  4  and  5  inches  in 
thickness  appears  in  the  bed  of  the  stream.  Farther  down  the  branch 
bluish-gray  shale  occurs  below  this  sandstone,  where  there  is  a  bank 
about  15  feet  high  composed  mainly  of  soft  shale,  and  another  exposure 
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still  farther  down  the  stream  of  soft  shale  which  is  bluish-gray  to  drab 
on  exposed  surface  but  nearly  black  on  a  fresh  fracture.  On  the  southern 
bank  of  the  branch,  just  below  where  a  run  enters  on  the  same  side,  is  a 
large  block  of  Sharon  conglomerate,  containing  near  its  lower  end  large 
quartz  pebbles,  which  has  moved  down  the  hill  or  stream,  and  just  below 
is  a  high  bank  of  boulder  clay.  The  East  Branch  was  followed  for  about 
one  and  one-third  miles  below  the  cascade  down  through  the  woods 
and  somewhat  narrow  valley  until  the  open  fields  were  reached  where 
the  valley  broadens.  The  lowest  outcrop  seen  was  a  stratum  of  sand- 
stone several  inches  in  thickness  in  the  bed  of  the  stream.  After  the 
highest  outcrop  of  the  Cuyahoga  is  reached  the  shales  and  thin  sandstones 
of  this  terrane  are  more  or  less  completely  shown  along  the  banks  of  the 
stream  as  far  as  it  was  followed. 

In  a  gully  about  north  of  where  the  East  Branch  was  left,  below 
the  house  of  Charles  Page,  and  barometrically  110  feet  above  the  bed  of 
East  Branch,  a  coarse-grained  sandstone  was  reached.  Somewhat  farther 
up  the  run  and  barometrically  30  feet  higher  are  ledges  containing  large 
pebbles,  so  that  this  rock  evidently  belongs  in  the  Sharon  conglomerate. 
The  barometer  was  read  twice  at  the  top  of  this  ledge  and  at  the  top 
of  the  one  above  the  culvert  in  North  Munson  with  an  interval  of  about 
twenty-five  minutes  between  the  readings  in  each  case,  giving  in  one 
instance  a  difference  of  elevation  of  60  feet  and  in  the  other  of  65  feet. 
The  ledge  above  the  stone  culvert  is  about  1.1  miles  north  of  east  of 
the  former  locality  and  these  readings  indicate  that  in  this  region  the 
Sharon  conglomerate  has  a  thickness  of  at  least  90  or  95  feet. 

The  Sharon  conglomerate  in  the  gully  below  the  Page  house  is 
about  three-fourths  of  a  mile  southeast  of  the  Berea  sandstone  in  the 
Gloin  Gulch.  The  day  this  locality  was  studied  the  barometer  was 
falling  so  that  the  estimates  are  somewhat  less  than  the  actual  difference 
in  altitude.  The  barometer  with  an  interval  of  thirty-five  minutes 
between  readings  gave  a  difference  of  100+  feet  between  the  top  of  the 
Berea  sandstone  in  the  Gloin  Gulch  and  the  base  of  the  exposed  con- 
glomerate in  the  gully  below  the  Page  house.  This  interval  represents 
the  entire  Cuyahoga  terrane  and  seems  to  indicate  that  in  this  locality 
its  thickness  is  not  much  greater  than  100  feet.  From  the  top  of  the 
Berea  sandstone  in  Stebbins  Gulch  to  the  base  of  the  Sharon  conglomer- 
ate near  Char  don  Centre,  three  and  two-thirds  miles  northeast  of  the 
Gloin  Gulch,  180  feet  was  obtained  for  the  thickness  of  the  Cuyahoga 
terrane.  This  apparently  shows  a  rapid  decrease  in  thickness  of  the 
Cuyahoga  between  the  two  localities  which  is  probably  due  to  a  greater 
amount  of  erosion  in  the  Gloin  Gulch  region  before  the  deposition  of 
the  Sharon  conglomerate,  than  occurred  in  the  Chardon  Centre  region. 
These  two  localities  apparently  furnish  additional  proof  of  the  belief 
that  the  Sharon  conglomerate  was  deposited  on  a  very  uneven  surface 
of  the  Cuyahoga  terrane. 
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Little  Mountain  Sections*  —  About  one  mile  east  of  north  of 
Mitchells  Mill,  where  the  East  Branch  of  the  Chagrin  River  turns 
from  a  northerly  to  a  westerly  course,  or  three  and  one-half  miles  south- 
east of  Mentor,  is  a  high  and  conspicuous  hill  known  as  Little  Mountain. 
Its  elevation  is  about  1,270  feet  above  sea  level  and  it  is  a  marked 
topographic  feature  when  approached  from  the  north.  To  the  south  of 
the  "mountain"  the  country  is  higher  and  much  more  broken  than  it 
is  to  the  north  so  that  the  "mountain"  is  not  nearly  so  conspicuous  a 
landmark  when  seen  from  the  south. 

Weller  Creek,  which  has  already  been  described,  may  be  reached 
at  a  distance  of  about  one-half  mile  from  the  southern  end  of  the  "moun- 
tain" and  although  part  of  the  slope  is  rather  steep,  still  it  appears  to  be 
mantled  by  soil  and  drift  until  well  toward  its  top.  In  the  fields  are 
numerous  boulders  of  crystalline  rocks,  relics  of  glacial  time;  but  out- 
crops of  Paleozoic  rocks  were  not  found  in  the  runs  south  of  the  east 
and  west  highway  crossing  the  southern  slope  of  the  "mountain.". 
Mr.  Read  stated  that  the  Berea  grit  "is  quarried  on  Chardon  Road 
about  half  a  mile  south"  of  the  main  approach  to  the  "mountain ;"i 
but  the  writer  failed  to  find  this  outcrop.  He  also  talked  with  an  intelli- 
gent farmer — Mr.  Phelps — who  has  lived  in  the  vicinity  sixty  years 
and  he  knew  of  no  quarry  to  the  south  of  the  "mountain"  that  was  ever 
opened  in  the  Berea  grit  or  of  outcrops  of  rocks  between  the  east  and 
west  road  and  Weller  Creek. 

Above  the  east  and  west  highway  on  the  Griswold  farm  and  near 
the  southeastern  angle  of  Little  Mountain  is  a  fair  ledge  of  the  Sharon 
conglomerate  perhaps  in  some  places  20  feet  high.  The  sides  of  the 
cliff  show  numerous  excellent  examples  of  cross-bedding  and  considerable 
differential  weathering.  Part  of  it  is  rather  pebbly;  although  not  nearly 
to  so  great  an  extent  as  in  the  ledges  near  the  hotel  at  the  northern  end  of 
the  "mountain."  At  one  point  a  fine  spring  emerges  from  beneath  the 
conglomerate.  The  difference  in  elevation  from  the  top  of  the  cascade 
in  Weller  Creek  on  the  Knierim  farm  to  the  base  of  the  exposed  con- 
glomerate on  the  Griswold  farm  according  to  the  barometer,  with  an 
interval  of  about  one  hour  between  readings,  is  270  feet.  The  distance 
between  these  two  localities  is  about  one  mile  along  a  nearly  north  and 
south  line  while  the  interval  includes  the  Cleveland  shale,  Bedford  for- 
mation and  Cuyahoga  terrane.  It  is  to  be  remembered  that  on  the 
road  southeast  from  the  cascade  in  Weller  Creek  toward  Chardon 
Centre  with  a  distance  of  1.4  miles  between  the  two  localities  a  thick- 
ness of  325  feet,  or  55  feet  more,  was  obtained  for  the  same  interval. 

On  the  Chardon  Road  to  the  west  of  Little  Mountain  the  Berea 
grit  is  shown  a  few  rods  southeast  of  the  four  corners  at  which  the  sign- 
board says  6  miles  to  Chardon  and  4  miles  to  Mentor.  A  short  distance 
to  the  northeast  of  this  four  corners  is  another  one  at  which  there  is  a 
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store  and  where  formerly  the  Little  Mountain  post  office  was  located, 
while  about  the  same  distance  to  the  west  of  this  four  corners  and  to 
the  northwest  of  the  one  first  mentioned,  just  below  the  school-house, 
is  the  third  four  corners.  The  Chardon  road  from  the  outcrop  of  Berea 
grit  mentioned  above  was  followed  to  the  northwest  past  the  first  and 
third  four  corners  mentioned  above  and  in  the  same  direction  beyond  a 
fourth  four  corners  the  altitude  of  which  is  marked  on  the  Mentor 
quadrangle  as  802  feet.  For  a  distance  of  nearly  one  mile  on  this  road 
to  the  northwest  of  the  outcrop  of  Berea  grit,  the  rocks  are  shown  to 
some  extent  in  the  gutters  beside  the  road  and  the  following  section  was 
measured.  For  want  of  a  better  or  more  definite  local  name  this  high- 
way will  be  called  the  Chardon  road. 

Section  on  Chardon  Road  Northwest  of  Little  Mountain. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

5.  Berea  grit.  The  top  of  the  exposure  is  shown  on  the  high- 
way a  few  rods  to  the  southeast  of  the  first  four  corners 
mentioned  above;  but  it  is  not  the  top  of  the  formation. 
The  upper  portion  of  the  exposure  is  a  coarse-grained 
sandstone  or  grit,  composed  of  white,  quartz  grains; 
with  rust  spots  from  iron  weathering,  like  the  stone  in 
the  Curtis  quarry  farther  to  the  east  on  the  Chardon- 
Concord  road,  which  will  be  described  later  in  this 
bulletin.  For  some  distance  toward  the  '  'mountain" 
the  rise  is  very  gradual,  and  this  comparatively  level 
area  is  underlain  and  supported  by  the  Berea  grit.  It 
continues  beyond  the  first  four  corners  toward  the 
northwest,  and  the  base  is  apparently  shown  in  the  road 
a  little  above  the  watering  trough.  The  roads  about 
the  corners  are  very  sandy  from  the  cut  up  and  disin- 
tegrated Berea  grit.  From  the  lowest  layer  on  the 
road  above  the  watering  trough  to  the  top  of  the  out- 
crop, was  twice  given  as  15  feet  by  the  barometer,  and 
made  16  feet  by  the  hand-level 16  216 

4.  Bedford  formation.  From  the  watering  trough  to  the  next 
four  corners  (at  crossing  of  the  Mentor-Little  Mountain 
road),  the  rocks  are  mostly  covered,  with  an  occasional 
exposure  in  the  gutter  of  thin  sandstones,  which  are 
rather  olive  in  color  on  the  surface,  but  more  nearly  buff 
when  broken.  Below  the  four  corners,  the  exposures 
of  thin  sandstones  are  more  frequent,  together  with 
indications  of  soft,  argillaceous,  olive  shale.  On  the 
Mentor-Little  Mountain  road,  above  the  four  corners 
and  school-house  are  thin  sandstones,  alternating  with 
shales,  before  reaching  the  Berea  grit.  The  contact 
of  the  Bedford  formation  and  the  Cleveland  shale  is 
not  shown,  but  the  average  of  three  readings  of  the 
barometer  for  the  interval  from  the  top  of  the  highest 
outcrop  of  the  Cleveland  shale  to  the  ledge  of  Berea 
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Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

grit  above  the  watering  trough  was  75  feet.  This  in- 
terval may  be  somewhat  greater  than  that  of  the  Bed- 
ford formation,  since  it  may  include  some  of  the  Berea 
grit  at  its  top,  and  some  of  the  Cleveland  shale  at  its 
base .'_ 75  200 

3.  Cleveland  shale.  Two  feet  or  more  of  black,  Cleveland 
shale  is  shown  in  the  gutter  by  the  side  of  the  road, 
several  rods  above  the  house  of  Clayton  Booth.  Occa- 
sional exposures  occur  by  the  side  of  the  road  until  a 
short  distance  north  of  W.  M.  Neill's  house.  The  thick- 
ness of  20  feet  was  obtained  from  a  single  reading  of  the 
barometer.  Mr.  Neill  told  the  writer  that  in  a  well 
at  his  house  on  the  eastern  side  of  the  road,  they  passed 
through  4  or  5  feet  of  the  Cleveland  black  shale,  and 
then  went  down  into  soapstone.  In  a  well  on  the  oppo- 
site side  of  the  road,  and  on  a  little  higher  ground, 
from  8  to  10  feet  of  black  shale  was  penetrated  before 
reaching  the  soapstone.  In  the  banks  of  gullies  to  the 
east  of  the  house  of  Clayton  Booth,  and  the  upper  ex- 
posures by  the  side  of  the  highway,  are  outcrops  of 
black  Cleveland  shale.  These  banks  are  sloping,  and  the 
loose  shale  covers  them;  but  one  shows  perhaps  15  feet 
of  the  shale  in  place.  The  contact  at  either  the  top  or 
bottom  of  the  shale  is  not  shown.  One  reading  of  the 
barometer  gave  the  lowest  outcrops  of  the  Cleveland 
shale  in  the  highway  gutter  at  this  locality  as  345  feet 
higher  than  the  Grand  River,  below  the  Abbot  mill 
and  river  bridge  at  Painesville 20  125 

2.  Chagrin  formation.  The  top  of  the  formation  is  reached 
in  the  roadside  a  short  distance  below  Mr.  Neill's 
house.  The  upper  part  of  the  formation,  as  shown 
from  the  partial  exposures,  consists  of  soft,  bluish  and 
greenish,  argillaceous  shales.  Farther  down  the  road, 
and  of  course  stratigraphically  lower,  shales  and  gray- 
ish, shaly  sandstones,  which  weather  to  a  very  rusty 
color,  due  to  iron  which  they  contain,  are  shown  in  the 
gutter.  According  to  one  barometric  reading,  the 
upper  35  feet  of  the  Chagrin  formation  is  partly  ex- 
posed   35  105 

1.  Drift  or  soil  is  shown  in  the  banks  and  gutters  of  the  road 
from  the  lowest  exposure  of  the  Chagrin  formation  for 
70  feet  to  the  next  four  corners,  which  is  marked  802 
feet  above  sea  level  on  the  Mentor  topographic  sheet. 
Beyond  this  last  four  corners,  toward  the  north,  the 
slope  is  very  gradual,-  with  few,  if  any,  exposures  of  the 
Paleozoic  rocks  70  70 

At  the  northern  end  of  Little  Mountain  is  a  rock  cliff  below  which 
is  a  steep  slope  and  the  view  from  the  top  of  this  cliff  toward  the  north 
is  one  of  great  beauty, with  the  upper  wooded  slope,  the  fields  and  woods 
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below  and  Lake  Erie  in  the  extreme  distance,  which  once  seen  and 
appreciated  remains  in  the  mind  of  the  beholder  for  a  long  time.  This 
northern  part  of  the  "mountain"  is  still  largely  covered  with  tall  pine 
trees,  except  near  the  northern  edge  where  they  have  been  cut  away 
for  buildings  and  to  afford  an  unobstructed  view  from  the  Pine  Crest 
Hotel.  For  a  number  of  years  this  was  an  excellent  summer  hotel  in 
connection  with  which  was  a  considerable  number  of  cottages  located  in 
picturesque  spots  and  the  place  had  a  desirable  reputation  as  a  summer 
resort.  For  several  years,  however,  the  hotel  and  cottages  have  been 
unoccupied  and  are  now  falling  into  decay.  It  is  certainly  an  attractive 
place  for  such  a  resort  and  one  of  the  most  picturesque  spots  that  the 
writer  has  seen  in  Ohio. 

The  "mountain"  is  capped  by  the  Sharon  conglomerate  which 
is  well  shown  in  cliffs  and  in  joints  where  the  rocks  have  separated 
sufficiently  so  that  there  are  passageways  between  the  blocks.  A  num- 
ber of  excellent  exposures  of  this  sort  occur  in  the  rear  of  the  hotel,  where 
in  one  place  near  the  Devil's  Kitchen  the  walls  are  26  feet  high,  and  also 
near  the  road  where  a  number  of  cottages  have  been  built.  The  con- 
glomerate is  well  shown  on  the  road  leading  up  the  steep  slope  of  the 
"mountain"  to  the  Pine  Crest  Hotel  and  to  the  south  of  the  road  because 
of  its  natural  jointing.  Much  of  the  rock  is  a  coarse  conglomerate 
containing  large  pebbles  which  are  mainly  white  quartz.  A  close 
view  of  a  portion  of  one  of  these  ledges  near  the  roadway  is  shown  in 
Plate  XVI,  B,  in  which  the  white  quartz  pebbles  are  distinctly  seen, 
many  of  them  projecting  slightly  from  the  face  of  the  cliff.  The  layers 
of  very  coarse  conglomerate  (with  large  quartz  pebbles)  do  not  extend 
far;  but  are  frequently  cut  off  obliquely  by  channel  fillings.  There  is  also 
frequent  cross-bedding  and  this  structure  together  with  that  of  channel 
filling  are  both  excellently  shown.  It  all  admirably  exhibits  the  struct- 
ure which  might  be  expected  on  an  old  shore  line  where  coarse  deposits 
were  being  thrown  down.  At  the  "outlook"  in  front  of  the  hotel  the 
cliff  of  conglomerate  is  22  feet  high  and  a  little  farther  to  the  east  it  is 
27  feet  high.  In  the  rear  of  the  hotel  excellent  jointing  of  the  conglomer- 
ate is  to  be  seen  where  the  "rock  city"  structure  has  been  formed.  At 
one  place  the  large  roots  of  a  tree  are  conspicuously  shown  on  one  face 
of  the  ledge  where  they  had  grown  in  a  joint  and  helped  to  push  the 
blocks  of  conglomerate  apart. 

From  the  summit  of  the  "mountain"  at  Pine  Crest  Hotel  the  rocks 
are  fairly  well  shown  for  part  of  the  distance  for  a  mile  or  more  along  the 
private  road  down  the  hill  and  the  Little  Mountain-Mentor  highway 
to  the  westward.  A  section  has  been  prepared  from  the  highest  out- 
crops of  the  Sharon  conglomerate  at  the  hotel  to  the  base  of  the  Berea 
grit  on  the  Little  Mountain-Mentor  highway. 
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Section  from  Little  Mountain  down  the  Mentor  Highway. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Sharon  conglomerate.  According  to  the  barometer,  the  out- 
look to  the  northwest  of  Pine  Crest  Hotel  is  10  feet  lower 
than  the  outcrop  just  in  front  of  the  hotel,  while  to  the 
base  of  the  ledges  shown  on  the  road  is  40  feet  lower 
than  the  outlook,  according  to  two  readings  of  the  ba- 
rometer. It  is  thought  that  the  base  of  these  large 
blocks  is  not  far  from  the  base  of  the  conglomerate, 
although  it  is  probable  that  they  have  crept  down  the 
steep  slope  to  some  extent.  A  reading  of  the  barom- 
eter in  the  summer  of  1909,  gave  70  feet  from  the  base  of 
the  large  blocks  on  the  road  to  the  top  of  the  outcrops 
in  front  of  the  hotel.  The  U.  S.  Geol.  Survey  bench 
mark  on  the  front  of  the  hotel,  and  near  its  foundation, 
is  1,244.29  feet  above  sea  level 50+  287 

3.  Covered  interval.  From  the  base  of  the  ledge  of  Sharon 
conglomerate  to  the  highest  outcrop  of  Berea  grit, 
just  below  the  house  of  Rev.  Wm.  Reynolds,  on  the 
Mentor  highway.  So  far  as  observed,  no  outcrops  oc- 
cur in  this  interval,  which  covers  the  lower  part  of  the 
abrupt  slope  of  the  "mountain"  and  its  lower  gradual 
slope  for  some  distance,  and  represents  in  general  the 
position  of  the  Cuyahoga  terrane,  although  probably 
including  some  of  the  upper  part  of  the  Berea  formation. 
The  average  of  two  readings  of  the  barometer,  with  an 
interval  of  15  minutes  between  them  in  each  instance, 
gave  a  thickness  of  127  feet  for  this  division 127  237 

2.  Berea  grit.  The  top  of  the  exposed  Berea,  which  is  shown 
in  the  highway  gutter  just  below  the  house  of  Rev.  Wm. 
Reynolds,  is  strongly  cross-bedded.  To  the  north- 
west of  the  Basket  factory  is  a  ledge  of  the  Berea,  which 
by  hand-level  is  19+  feet,  and  by  barometer 20 feet  lower 
than  the  top  exposure  below  the  Reynolds  house.  From 
this  latter  locality  are  somewhat  frequent  exposures 
in  the  highway  gutters  to  the  Little  Mountain  store 
and  former  postoffice  at  the  four  corners.  Cross- 
bedding  is  also  shown  in  a  coarse-grained  rock  in  the 
gutters  above  the  store.  By  level  it  is  14  feet  from  the 
outcrop  northwest  of  the  factory  down  to  the  top  of  the 
rather  conspicuous,  coarse-grained  layer  in  the  road 
at  this  four  corners.  This  layer  forms  a  rather  notice- 
able terrace,  with  comparatively  level  ground  for  some 
little  distance,  extending  southeasterly  to  the  four 
corners  on  the  Chardon  highway,  and  is  apparently  at 
the  base  of  the  formation,  since  the  lower  sandstones 
are  finer  grained  and  lithologically  like  those  of  the 
Bedford.  This  section  gives  160  feet  for  the  thickness 
of  the  Berea  grit  and  Cuyahoga  terrane,  or  the  interval 
from  the  base  of  the  Berea  grit  to  the  base  of  the  blocks 
of  Sharon  conglomerate,  while  a  later  reading  of  the 
barometer  gave  155  feet  for  the  same  interval 33  110 


PLATE  XVI. 


A. — Cliff  of  the  Chagrin  formation  on  Chagrin  Kiver  one  mile  below  Pleasant 

Valley.    See  page  182. 


B. — Near  view  of  Sharon  conglomerate  on  Little  Mountain  showing  the  white 
quartz  pebbles.     See  page  235. 
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Total 

Thick-  thick- 
No,  ness. 


Feet. 

1.  Bedford  formation.  Below  the  sandstone  just  mentioned, 
at  the  four  corners,  the  rocks  are  mostly  covered,  and 
it  is  hardly  possible  to  say  positively  that  the  base  of 
the  Berea  is  not  somewhat  lower;  but  the  geologic 
evidence  at  hand  seems  to  show  that  it  is  not.  Just 
above  the  church,  however,  and  shown  to  best  advan- 
tage in  the  gutter  on  the  opposite  side  of  the  highway, 
is  a  ledge  of  buff,  rather  coarse-grained  sandstone, 
which  splits  into  thin  layers  one-half  inch  or  more  in 
thickness  as  it  weathers.  The  base  of  this  layer  by 
hand-level  is  28  feet  lower  than  the  conspicuous  one  at 
the  four  corners  above.  Below  is  a  concealed  interval 
for  9  feet,  when  a  ledge  of  rather  fine-grained,  grayish 
sandstone  with  one  4-inch  layer  is  reached.  This 
sandstone  is  composed  largely  of  fine,  white, quartz  sand 
and  the  ledge  is  shown  in  the  highway  gutter  on  the 
northern  side  of  the  road,  not  far  below  the  church,  and 
at  a  greater  distance  above  the  school-house.  Below 
this  sandstone  ledge  are  gray,  arenaceous  shales  to  soft 
ones,  which  lithologically  resemble  those  of  the  Bed- 
ford, and  also  thin  sandstones.  The  barometer  gave 
49  feet  from  the  base  of  the  sandstone  described,  just 
above  the  church,  to  the  upper  exposure  of  Cleveland 
shale  on  the  Chardon  road  above  the  house  of  Clayton 
Booth.  This  gives  77  feet  for  the  interval,  which  is  re- 
ferred to  the  Bedford  formation,  although  it  does  not 
follow  that  all  of  it  belongs  in  this  formation,  since,  at 
the  top,  the  interval  may  include  some  of  the  lower 
part  of  the  Berea,  and,  at  the  base,  some  of  the  upper 
part  of  the  Cleveland 77  77 

Since  the  above  account  was  written  this  locality  has  been  re- 
examined  in  company  with  Mr.  Wm.  C.  Morse  and  it  was  noted  that 
the  sandstones  in  the  road  gutters  below  the  Little  Mountain  store 
down  past  the  church  and  school-house  are  all  composed  of  fine-grained 
quartz  sandstone,  more  or  less  iron-stained;  but  much  firmer  than  the 
Berea  and  not  friable.  The  ledge  at  the  store  corners  and  above  the 
watering  trough  on  the  other  road  appears  to  be  at  about  the  base  of 
the  Berea  formation  and  at  about  the  same  level  according  to  the  barom- 
eter. The  thin,  fine-grained  quartz  sandstones  in  the  Bedford  occur 
as  shown  in  the  road  gutters  nearly  down  to  the  Cleveland  shale. 
Not  over  5  feet  of  the  basal  part  of  the  Bedford  is  covered  and  in  the 
overlying  beds  the  thin,  fine-grained  quartz  sandstones  with  compact 
structure  occur.  This  seems  to  show  conclusively  that  the  fine-grained 
sandstones  opposite  the  church  and  farther  up  the  road  belong  in  the 
Bedford  and  not  the  Berea  formation.  One  reading  of  the  barometer 
gave  from  the  Berea  sandstone  at  the  store  corners  down  to  the  highest 
exposed  black  Cleveland  shale  65  feet  for  the  interval  which  is  approxi- 
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mately  that  of  the  Bedford  formation  while  another  reading  gave 
nearly  70  feet. 

The  thickness  of  the  formations  in  the  above  sections  near  Little 
Mountain  compares  as  follows  with  those  obtained  2.3  miles  farther 
southeast  in  Stebbins  Gulch  and  toward  Chardon  Centre:  The 
Cleveland  shale  is  26  feet  in  Stebbins  Gulch  while  at  least  20  feet 
occurs  near  Little  Mountain;  Bedford  formation  is  48  feet  in  Stebbins 
Gulch  and  apparently  it  is  in  the  neighborhood  of  70  feet  near  Little 
Mountain;  Berea  formation  69+  feet  in  Stebbins  Gulch  and  at  least  33 
feet  on  the  Little  Mountain-Mentor  road;Cuyahoga  terrane  from  Stebbins 
Gulch  to  Chardon  Centre  is  180  feet  and  on  the  covered  slope  of  Little 
Mountain  there  is  toward  127  feet;  while  30  feet  of  the  Sharon  conglomer- 
ate is  shown  near  Chardon  Centre  and  50  feet  or  more  on  Little  Mountain. 

On  the  Painesville  road,  to  the  northeast  of  the  store  and  four 
corners,  the  Cleveland  black  shale  appears  along  the  side  of  the  high- 
way and  in  the  gutter  some  distance  below  the  house  of  Mr.  Morley  and 
a  road  turning  to  the  east  and  a  short  distance  above  a  small  run.  Higher, 
but  still  below  the  house,  the  Bedford  shale  is  shown  for  some  little 
distance  in  the  road  gutter. 

The  rocks  are  fairly  well  exposed  along  the  north  and  south  highway 
past  the  Hermitage  just  northeast  of  "the  Knob"  or  rather  more  than 
one-half  mile  northeast  of  Little  Mountain.  The  Berea  grit  is  also 
apparently  shown  on  this  same  highway  to  the  southeast  of  "the  Knob" 
where  a  coarse-grained  friable  sandstone  occurs  in  the  gutter;  but  on 
that  side  of  "the  Knob"  there  are  very  few  outcrops.  On  the  opposite 
side  the  rocks  are  much  better  exposed  and  the  following  section  along 
the  highway  was  constructed: 

Section  along  North  and  South  Highway  to  the  Northeast  of  "The  Knob" 

and  Little  Mountain. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

5.  Orangeville  formation.  Soft,  bluish-gray  shales,  decom- 
posing to  clay,  by  the  roadside.  These  shales  begin 
a  little  below  the  three  corners  where  a  crossroad  runs 
directly  west  and  continue,  according  to  the  barom- 
eter, for  15  feet,  when  apparently  only  soil  is  to  be 
found  by  the  roadside 15  145 

4.  .Berea  formation.  Thin  ledge  of  brownish  sandstone  just 
below  three  corners,  which  is  apparently  the  top  of  the 
Berea  formation.  Then  for  20  feet  the  rocks  are  prac- 
tically concealed,  when  fairly  conspicuous  sandstone  ex- 
posures are  reached.  Between  the  middle  and  upper 
Hermitage  houses  in  the  road  gutters,  are  thin-bedded, 
ripple-marked,  buff,  coarse-grained  and  friable  sand- 
stones, and  by  the  barometer  some  30  feet  of  these  sand- 
stones are  shown  _  50  130 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

3.  Bedford  formation.  This  interval  is  mainly  covered,  and 
the  barometer  makes  its  thickness  63  feet,  the  greater 
part  of  which  belongs  in  the  Bedford  formation 63  80 

2.  Cleveland  shale.  The  shale  is  entirely  black  in  color,  and  is 
well  shown  in  the  small  hill  on  the  road  above  the  lower 
Hermitage  house.  The  contact  with  the  Chagrin  shale 
is  sharp,  and  well  shown  in  the  gutter  on  slope  of  ledge 
a  little  above  the  same  house 17  17 

1.  Chagrin  formation.  As  stated  above,  t\e  contact  with 
the  Cleveland  shale  is  sharp,  and  clearly  shown,  and 
just  below  the  black  shale  is  soft,  bluish-gray  shale  of 
the  Chagrin  formation.  Opposite  the  lower  Hermitage 
house  are  thin  sandstones  alternating  with  arenaceous 
shales,  and  rocks  of  this  general  structure  are  exposed 
in  the  gutter  for  some  distance  down  the  road;  but  the 
thickness  was  not  measured. 

Prior  to  the  fall  of  1904  four  wells  for  oil  or  gas  had  been  drilled 
in  the  southern  part  of  Concord  Township  on  the  Hermitage  farm 
at  an  expense  of  between  $10,000  and  $11,000,  all  of  which  began  in  the 
upper  part  of  the  Chagrin  formation.  The  mouth  of  well  No.  1,  accord- 
ing to  the  barometer,  is  95  feet  lower  than  the  base  of  the  Berea  grit 
on  the  highway.  Mr.  G.  H.  Carroll  reports  that  it  was  drilled  in  1902 
and  is  probably  between  2,100  and  2,200  feet  in  depth  and  considerable 
gas  was  obtained:  but  only  a  little  oil.  The  oil  or  gas  is  reported  to 
come  from  a  "sand"  which  is  supposed  to  be  in  the  upper  part  of  the 
Monroe  formation  similar  to  those  sandstones  noted  in  the  Cleveland 
wells  and  others  in  northeastern  Ohio,  which  will  be  described  later  in 
this  bulletin.  Unfortunately  the  writer  was  unable  to  obtain  a  detailed 
log  of  any  of  these  wells  and  consequently  no  very  positive  strati- 
graphic  comparisons  can  be  made  between  them  and  the  wells  in 
Cleveland  or  vicinity,  or  with  those  of  any  other  locality. 

Mr.  F.  C.  Carroll  reported  that  the  top  of  the  limestone  was  reached 
in  this  well  at  a  depth  of  about  1,600  feet;  rock  salt  at  1,950  feet  with  a 
thickness  of  perhaps  2  feet;  brownish  chips  with  oil  at  about  2,000  feet, 
and  50  feet  deeper,  gas.  He  gave  the  total  depth  of  the  well  as  2,150 
feet.  In  this  record  the  interval  of  400  feet  from  the  top  of  the  lime- 
stone to  the  oil-bearing  horizon  agrees  closely  with  that  of  well  No.  4 
of  the  United  Salt  Company  at  Cleveland,  where  it  is  390  feet  from  the 
top  of  the  limestone  to  the  white  sandstone.  The  rock  salt  horizon 
at  a  depth  of  350  feet  below  the  top  of  the  limestone  is  apparently  a 
different  and  higher  horizon  than  at  Cleveland,  since  in  well  No.  4  of  the 
United  Salt  Company  it  is  775  feet  from  the  top  of  the  limestone  to  the 
salt. 

Mr.  D.  B.  Duff,  president  of  the  Vandalia  Gas  Company,  Cleve- 
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land,  and  a  member  of  the  firm  of  Duff  Brothers  and  Bower,  who  drilled 
these  wells,  has  kindly  furnished  the  following  information  con- 
cerning this  well:  It  was  located  about  1,800  feet  from  well  No.  2  and 
about  50  feet  higher.  The  formation  was  practically  the  same  as  in  No.  2, 
with  the  exception  that,  though  we  found  some  sand  at  the  same  depth 
in  the  limestone  as  we  did  in  No.  2,  we  only  got  a  little  show  of  oil  and 
scarcely  a  show  of  gas;  but  60  feet  deeper  we  got  a  brown  sand,  quite 
porous,  and  a  strong  flow  of  gas  at  a  total  depth  of  2,058  feet.  We 
drilled  an  8j-inch  hole  to  this  depth  and  after  the  well  was  wide  open  for 
30  days  we  tested  it  with  a  mercury  gauge  and  it  measured  over 
600,000  cubic  feet  of  gas  per  day.  We  packed  the  well  and  used  the  gas 
in  drilling  others  and  it  was  free  from  water  for  about  six  months,  when 
the  salt  water  commenced  to  come  in  and  drowned  the  gas  out.  We 
missed  this  sand  and  gas  entirely  in  well  No.  2.  There  is  no  question 
but  that  there  are  two  horizons  that  produce  oil  and  gas  in  these  wells , 
and  while  the  figures  are  not  accurate  to  a  foot,  there  is  about  60  feet 
between  the  sand  in  which  we  found  oil  and  gas  in  No.  2  and  the  sand  in 
which  we  got  the  most  gas  in  No.  1.  In  this  well  the  drillers  say  they 
went  through  a  little  rock  salt,  perhaps  2  or  3  feet',  between  1,900  and 
2,000  feet. 

Well  No.  2,  and  the  remaining  ones,  were  drilled  in  1903.  Its 
mouth  is  in  a  gully  to  the  north  of  No.  1  and  70  feet  lower  according 
to  the  barometer.  In  this  gully  just  above  the  well  the  bluish-gray 
shales  of  the  Chagrin  formation  are  shown.  This  well  furnished  more 
oil  and  flowed  for  a  longer  time  than  any  of  the  others.  The  oil  is  rather 
thin  and  of  greenish  color  similar  in  general  appearance  to  that  from  the 
Monroe  formation  in  the  wells  east  of  Chardon  and  near  Andover. 

Mr.  D.  B.  Duff  has  furnished  the  following  information  concern- 
ing well  No.  2 :  Twenty-three  feet  of  drive  pipe  shut  off  all  clay  and  drift. 
Then  there  was  a  sort  of  sandy  shale  or  sandy  flag,  but  not  real  sand, 
to  a  depth  of  150  feet.  The  first  457  feet  of  shale  contained  some  fresh 
and  some  salt  water,  at  the  bottom  of  which  we  set  the  6J-inch  casing. 
The  shale  continued  to  a  depth  of  1,580  feet,  when  limestone  was  struck. 
The  rocks  to  this  depth  were  all  shales  alternating  blue,  brown  and  sort 
of  whitish  color.  There  is  no  regularity,  however,  as  to  the  color  of 
the  shale  in  this  county;  one  well  may  be  a  different  color  than  one  located 
500  feet  from  it;  even  at  the  same  depth.  From  1,580  to  1,950  feet  was 
hard  limestone,  in  some  places  a  little  gritty- — the  driller  would  call 
it  a  kind  of  sand.  A  hard  sandstone- — real  sand — about  30  feet  thick 
was  found  in  the  limestone  from  1,950  to  1,980  feet.  Oil,  gas  and  salt 
water  were  obtained  at  a  depth  of  1,950  feet.  The  first  day  we  bailed 
out  7  barrels  of  dark  green  oil  which  we  believe  was  of  the  Pennsylvania 
grade.  For  several  days  the  gas  from  this  sand  escaped  to  the  extent 
of  probably  200,000  cubic  feet  a  day.  We  shot  the  well  in  this  sand  with 
about  200  quarts;  but  it  did  not  appear  to  help  the  flow.  The  well 
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flowed  in  the  neighborhood  of  100  barrels  of  oil,  or  on  an  average  of 
about  3  barrels  a  day  for  about  30  days.  That  was  after  we  put  in 
tubing  and  packer,  then  the  salt  water  weakened  the  gas  so  it  would 
not  flow.  Below  the  sand  is  limestone  to  the  bottom  of  the  well  at 
a  depth  of  2,047  feet. 

We  put  in  480  feet  of  casing  to  shut  off  water;  but  I  think  we  did 
not  need  nearly  so  much;  200  feet  would  probably  have  been  enough. 
Previous  to  tubing  the  well,  in  drilling  to  the  depth  of  2,047  feet,  we 
struck  a  strong  vein  of  salt  water  that  filled  up  over  a  thousand  feet  in 
a  day  or  so.  We  plugged  this  vein  off. 

In  the  above  record  in  connection  with  the  section  along  the  high- 
way the  thickness  of  the  interval  from  the  base  of  the  Berea  grit  to  the 
top  of  the  Devonian  limestone  is  1,745  feet,  or  deducting  80  feet, 
the  combined  thickness  of  the  Bedford  formation  and  Cleveland  shale 
on  the  highway  leaves  1,665  feet  for  the  combined  thickness  of  the 
Chagrin  formation  and  Huron  shale.  The  interval  of  370  feet  from  the 
top  of  the  Devonian  limestone  to  the  oil  bearing  sandstone  agrees 
fairly  well  with  the  thickness  of  the  interval  noted  in  the  Cleveland 
wells  between  the  top  of  the  Devonian  limestone  and  the  sandstone 
that  is  correlated  provisionally  with  the  Sylvania  sandstone. 

Well  No.  3  is  1,500  feet  south  of  No.  1  and  about  the  same  amount 
of  gas  was  obtained  as.  from  No.  1,  but  no  oil.  Well  No.  4  is  about 
north  of  No.  1,  a  little  lower  than  No.  2  and  yielded  only  salt  water. 

Outcrops  on  Chardon-Concord  and  State  Roads.  — On  or  near 
the  main  highway  from  Chardon  through  Concord  to  Painesville  are 
outcrops  of  rocks  which  are  worthy  of  mention.  The  one  of  most 
general  interest  and  commercial  value  is  the  ledge  of  Berea  sandstone 
opened  in  the  Theodore  Curtis  quarry,  in  Concord  Township,  about 
one-half  mile  from  its  southern  boundary  and  1.8  miles  south  of  Concord 
Village.  From  this  quarry  there  is  a  steep  descent  to  the  north  to  the 
level  of  Gordon  Creek  which,  as  estimated  from  the  topographic  map, 
is  some  220  feet,  while  one  reading  of  the  barometer  gave  230  feet  and 
another  with  a  longer  interval  between  the  readings  gave  250  feet. 
On  a  considerable  part  of  this  slope  Paleozoic  rocks  are  shown  either 
in  the  roadway,  the  gutters  or  on  the  banks  so  that  a  fair  section  may  be 
constructed.  The  intervals  of  this  section  will  be  based  on  the  read- 
ings of  the  barometer  which  gave  250  feet  from  the  Curtis  quarry  'to 
the  level  of  Gordon  Creek,  and  the  section  was  reexamined  in  the  summer 
of  1909  and  more  carefully  measured. 

Section  from  Curtis  Quarry  to  Gordon  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

12.     Berea    sandstone.     Theodore  Curtis   quarry,  which  is  ap- 
parently near   the   top    of    the   formation.       This  'is 
17— G.  B.  15. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

opened  on  the  western  side  of  the  highway  at 
the  top  of  the  steep  slope,  where  the  ledge  is  fairly 
well  shown.  The  top  of  the  sandstone  is  glaciated, 
a  part  of  its  surface  being  smooth,  upon  which  are 
faint  striae  running  10°  west  of  south.  At  the  time 
it  was  studied,  4|  feet  of  coarse-grained  sandstone 
was  shown  above  water  in  the  quarry,  which  was 
apparently,  if  unaltered,  of  gray  color.  Most  of  the 
exposed  rock,  however,  was  of  brownish  to  reddish  color 
from  iron  staining,  while  considerable  of  the  gray- 
ish rock  was  very  much  speckled,  from  brown  spots  of 
iron  rust.  The  rock  is  apparently  composed  of  white, 
moderately  coarse,  quartz  sand,  with  enough  iron  to 
stain  it  badly  on  weathering,  so  that  it  resembles  some- 
what in  color  the  Shenango  sandstone  of  western  Penn- 
sylvania and  eastern  Ohio.  The  4^  feet  shown  in  the 
quarry  is  a  massive  layer,  with  scarcely  any  indication 
of  a  bedding  plane.  It  apparently  lies  almost  level, 
but  with  a  slight  dip  to  the  southwest.  Mr.  Morse  lev- 
eled the  interval  from  the  base  of  the  Berea  to  its  top, 
as  shown  on  the  highway,  and  obtained  68  feet  for  the 
thickness  of  the  exposed  Berea.  The  barometer  gave 
60  feet  for  the  same  interval;  but  there  was  three-fourths 
of  an  hour's  time  between  the  readings,  with  a  rising 
barometer,  so  that  it  would  give  less  than  the  actual 

thickness  4£    243 

11.  Shown  on  the  opposite  side  of  the  road  from  the  quarry, 
and  mainly  in  the  road  gutter,  as  in  the  case  of  the  lower 
zones.  Top  of  the  exposure  on  the  highway,  which  is 
at  about  the  same  level  as  the  top  of  the  quarry.  Mas- 
sive stone,  but  containing  much  iron,  so  that  it  is 
harder  than  the  lower  rock,  and  composed  of  coarse, 
quartz  grains.  Zone  partly  covered.  Thickness  9^ 
feet  from  the  base  to  the  top,  and  deducting  the  4£  feet 
shown  in  the  quarry,  it  leaves  5  feet  for  this  zone,  which 

is  probably  below  the  quarry 5      238£ 

10.     Shaly  zone,  very  gritty,  but  in  thin  layers 2      233? 

9.     Covered  interval  7      23U 

8.  Upper  part  of  this  zone  contains  considerable  iron,  and  is 
harder  than  the  lower  rock.  In  general,  the  zone  is 
composed  of  a  friable,  coarse-grained,  white,  quartz 
sandstone  spotted  with  brown.  Part  of  the  zone  is 
coarser  bedded  than  the  one  below,  and  there  is  con- 
spicuous cross-bedding 8£  224 1 

7.     Rather   thin-bedded   sandstones,    with   ripple-marks   and 

some  other  markings 16|    216 

6.  Coarse-grained,  friable  sandstone,  below  which  the  zone 
is  mostly  covered,  with  perhaps  an  occasional  layer 
shown  _ 16| 

5.  Coarse-grained,  quartz,  gray,  brownish-spotted,  friable, 
cross-bedded  sandstone,  which  is  rather  thin-bedded. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

The  sand  in  this  zone  is  rather  fine,  white  quartz.  This 
outcrop  is  in  the  road  gutter,  opposite  the  second  house 
on  the  eastern  side  of  the  road,  above  the  four  corners, 
and  is  the  lowest  exposure  of  the  coarse-grained,  Berea 
sandstone  seen  in  the  road 8  =*=  183 

4.  Bedford  formation.  Composed  of  grayish  shales  and  shaly 
sandstones  shown  in  the  highway  gutters,  all  of  which 
belongs  in  the  Bedford  formation,  which  therefore  has 
a  thickness  of  at  least  40  feet,  and  it  may  be  greater. 
The  barometer,  in  1909,  gave  the  thickness  of  the  inter- 
val from  the  base  of  the  first  black  shale  seen  to  the 
base  of  the  coarse,  Berea  sandstone,  as  75  feet.  This 
is  the  same  as  the  former  measurement  for  the  thickness 
of  the  Cleveland  shale  and  Bedford  formations  taken 
together 40  175 

3.  Cleveland  shale.  Very  black,  bituminous  shale  shown  in 
the  gutters  and  highway  banks.  The  top  of  the  black 
shale  occurs  a  few  rods  north  of  the  four  corners,  and  it 
extends  down  the  hill  below  the  watering  trough 35  135 

2.  Chagrin  formation.  About  20  feet  of  grayish  and  very 
rusty-colored,  shaly  sandstones,  which  contain  an 
occasional  fossil,  and  are  shown  in  the  gutter  and  high- 
way bank.  The  top  of  the  Chagrin  is  barometrically 
365  feet  higher  than  the  bed  of  the  Grand  River,  in 
Painesville,  below  the  Abbott  Mill  and  river  bridge.-.  20  100 

1.  Covered  interval  of  alluvial  or  drift  deposits  to  the  level 

of  Gordon  Creek  _  80  80 


It  will  be  noticed  that  the  thickness  of  the  Berea  sandstone  in  the 
above  section  is  almost  identical  with  that  of  the  same  formation  in 
Stebbins  Gulch,  some  four  miles  to  the  southwest,  where  it  is  69+  feet 
thick. 

Blackish  shale  occurs  on  the  road  higher  than  the  Curtis  quarry, 
and  45  feet  higher  barometrically  than  the  quarry  are  thin-bedded, 
bluish  sandstones  which  were  noticed  at  about  the  highest  point  on  the 
road  before  reaching  the  school-house  and  first  four  corners  to  the  south 
of  the  quarry. 

On  the  road  running  east  from  the  four  corners  mentioned  in  the 
above  section  there  is  a  small  but  fairly  steep  hill  composed  mostly 
of  Berea  sandstone  which  is  exposed  on  top  of  the  hill,  and  the  lowest 
exposed  beds  of  coarse-grained,  massive  sandstone  are  shown  by  the 
roadside  on  its  eastern  slope  40  feet  below  its  summit.  Part  of  this 
sandstone,  at  least,  is  rather  friable  so  that  its  wash  readily  forms  beds 
of  loose  sand  at  the  foot  of  the  steep  slope.  From  the  top  of  the  hill 
this  road  may  be  followed  northeasterly  for  1.7  miles  into  the  valley  of 
Big  Creek  at  the"upper  end  of  Cascade  Hollow.  There  are  occasional 
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outcrops  of  Paleozoic  rocks  along  this  road  which  may  be  represented 
in  the  following  section : 

Section  from  Cascade  Hollow  along  the  Highway  to  the  Southwest. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet. 


4.  Berea  sandstone.  Coarse-grained,  massive  sandstone, 
part  of  which  at  least  is  very  friable,  extending  to  the 
top  of  the  hill.  Forty  feet  is  more  or  less  completely 
shown,  according  to  the  barometer,  and  at  about  the 
same  level  as  the  base  of  zone  No.  6  in  the  section 
from  Curtis  quarry  to  Gordon  Creek 40  235 

3.  Mainly  covered,  but  showing  layers  of  thin-bedded,  buff 
sandstones  and  shales  in  the  highway  gutter  east  of  the 
four  corners,  and  near  the  base  of  the  interval,  in  which 
is  the  Bedford  formation 35  195 

2.  Cleveland  shale.  Very  black,  bituminous  shale,  which  is 
well  shown  in  the  highway  gutter  just  above  the  house 
of  Charles  Burr,  opposite  which  is  its  base.  The  shale 
is  partly  covered,  but  fairly  well  shown  for  22  feet,  by 
the  level,  and  the  buff  sandstones  appear  about  3  feet 
above  the  highest  outcrop  of  shale.  The  barometer 
gave  25  feet  for  this  same  interval 25=*=  160 

1.  Chagrin  formation.  Bluish-gray  shales  and  thin  sand- 
stones are  shown  in  the  highway  gutter  just  below  the 
Charles  Burr  house.  This  interval  is  more  or  less 
covered  until  the  banks  of  Big  Creek  are  reached  at  the 
upper  end  of  Cascade  Hollow,  at  the  iron  bridge,  near 
the  house  of  M.  J.  Pease,  where  the  shale  is  well  shown 
in  the  bed  and  banks  of  the  stream 135  135 

The  Cleveland  shale  is  also  shown  in  the  gutter  on  the  State  Road 
below  the  first  house  northwest  of  the  four  corners  where  it  is  crossed 
by  the  Cascade  Hollow  road.  In  the  road  gutters  below  the  four  corners 
are  frequent  exposures  of  the  Bedford  formation,  which  consists  of 
shales  alternating  with  rather  frequent  layers  of  thin-bedded  sandstones. 

The  Berea  sandstone  is  shown  in  a  gutter  on  the  State  Road  south- 
east of  the  first  house  to  the  south  of  the  four  corners  and  then  may  be 
seen  for  some  distance  along  the  road  as  far  as  the  vicinity  of  the  farm- 
house of  Mr.  Alfred  Brown. 

Following  the  contour  lines  on  the  topographic  map  this  upper  ledge 
of  sandstone  would  continue  around  to  the  hill  mentioned  in  the  section 
just  described  and  cross  the  Chardon-Concord  road  about  40  feet  lower 
than  the  Curtis  quarry. 

Between  the  Curtis  quarry  and  Chardon  there  are  comparatively 
few  outcrops  of  Paleozoic  rocks  on  or  near  the  highway.  On  Rider 
Creek,  however,  where  it  crosses  the  Hosford  farm  on  the  western 
side  of  the  highway  and  about  2  miles  northwest  of  Chardon,  are  ex- 
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posures  of  bluish  to  blackish  thin  and  even-bedded  shales  with  an  oc- 
casional layer  of  thin  sandstone  varying  in  thickness  from  1  to  5  inches. 

The  top  of  the  exposure  is  between  55  and  60  feet,  according  to  the 
barometer,  lower  than  the  base  of  the  Sharon  conglomerate  in  Rocky 
Cellar  and  the  highest  shale  is  bluish  in  color  and  rather  arenaceous,  but 
mostly  with  fine  laminae  although  there  is  an  occasional  sandy  layer  one- 
half  inch  or  so  in  thickness.  Some  20  feet  below  the  top  of  the  exposures 
a  layer  of  fine-grained,  gray  sandstone  about  5  inches  thick  crosses 
the  bed  of  the  creek  and  also  shows  on  the  bank  farther  down 
stream.  Immediately  above  and  below  this  sandstone  the  shales 
are  principally  argillaceous,  soft  and  bluish  to  blackish  in  color. 
Beneath  the  5-inch  sandstone  are  more  conspicuous  arenaceous  shales 
to  thin  layers  of  sandstone  from  1  to  3  inches  in  thickness,  which  alter- 
nate with  zones  of  shale  from  1-foot  up.  These  shales  have  the  general 
lithologic  appearance  of  the  Brecksville  except  that  in  the  lower  part 
the  sandstones  are  thicker  and  more  conspicuous  than  in  the  typical 
section  in  the  Cuyahoga  Valley.  These  outcrops  occur  in  the  woods 
on  the  Hosford  farm  between  the  highway  and  railroad  where  30  feet 
is  shown. 

Another  small  outcrop  occurs  on  the  eastern  side  of  the  road  a 
few  rods  north  of  the  John  Makee  house,  rather  more  than  a  mile  from 
the  square  in  Chardon,  and  not  far  south  of  the  first  crossroad  north  of 
Chardon  which  runs  easterly  across  Big  Creek.  It  forms  a  small  fall 
in  a  branch  of  the  second  stream  crossing  the  road  north  of  Chardon. 
About  7  feet  of  blue  shaly  sandstone  and  shale  is  shown  and  the  sandy 
layers  weather  to  a  rusty  color.  The  higher  part  of  the  bank  is  com- 
posed of  drift.  The  older  rocks  in  this  outcrop  apparently  belong  near 
the  top  of  the  Cuyahoga  terrane  of  this  region.  The  top  of  these  shales 
is  about  145  feet  lower  than  the  Chardon  Park  and  by  the  barometer 
22  feet  lower  than  the  base  of  the  Sharon  conglomerate  in  Rocky  Cellar, 
a  glen  to  the  northeast  of  Chardon. 

The  average  of  fcwo  readings  of  the  barometer  made  the  difference 
in  altitude  between  the  top  of  the  Curtis  quarry  and  the  base  of  the 
Sharon  conglomerate  in  Rocky  Cellar  84  feet.  The  distance  between 
these  two  localities  is  4.2  miles  so  that  the  dip  has  reduced  the  apparent 
thickness  of  this  interval  which  represents  the  Cuyahoga  terrane. 

Sections  on  Big  Creek* — Big  Creek  rises  in  the  southwestern  part 
of  Hambden  Township  and  flows  across  part  of  Chardon,  LeRoy  and 
Concord  townships  into  the  Grand  River.  In  the  upper  part  of  its 
course  the  banks  are  composed  mainly  of  alluvial  and  drift  deposits; 
but  from  the  northeastern  part  of  Chardon  Township  to  its  mouth 
they  are  as  a  rule  steeper  and  frequently  reveal  considerable 
banks  of  Paleozoic  rocks.  In  the  western  part  of  LeRoy  Township, 
about  5  miles  southeast  of  the  center  of  Painesville,  is  a'  part  of  its  gorge 
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known  as  Cascade  Hollow.  This  part  of  the  gorge  begins  not  far  below 
the  iron  bridge  at  the  three  corners  near  the  house  of  M.  J.  Pease.  The 
rocks  in  the  bed  of  the  stream  at  this  locality  are  about  135  feet  below 
the  top  of  the  Chagrin  and  the  gorge  of  Cascade  Hollow  has  been  cut 
out  of  the  same  formation.  About  two-fifths  of  a  mile  below,  East 
Creek  enters  Big  Creek  from  the  east,  forming  a  fall  said  to  be  60  feet 
in  height.  This  fall  is  below  the  Red  Bridge,  while  above  it  in  Big 
Creek  is  another  fall  reported  as  18  feet  high.  Some  of  the  banks 
along  this  portion  of  the  creek  are  said  to  be  160  feet  high  and  the  Chagrin 
formation  extends  well  toward  their  top.  It  consists  at.  this  locality 
of  layers  of  rather  thin  shaly  sandstone  from  5  to  10  feet  apart  with  the 
intervals  composed  mainly  of  bluish-gray  shale  in  which  are  layers  of 
sandstone  from  a  fraction  of  to  more  than  an  inch  in  thickness,  while  the 
heavier  sandstone  zones  are  from  6  inches  to  perhaps  a  foot  in  thickness 
and  form  projecting  ridges  on  the  otherwise  nearly  smooth  banks.  This 
is  a  good  locality  in  which  to  study  the  upper  portion  of  the  Chagrin 
formation  and  may  be  readily  reached  from  Painesville.  The 
banks  of  the  stream  from  this  locality  on  down  to  where  it  enters  the 
Grand  River,  a  mile  or  so  from  the  boundary  of  Painesville,  are 
generally  steep  and  rocky.  In  Moody  Hollow  not  far  above  its  mouth 
are  steep  and  high  banks  affording  fine  outcrops  of  the  Chagrin  formation. 
There  is  probably  fully  350  feet  of  the  upper  portion  of  the  Chagrin 
formation  shown  on  this  stream. 

South  of  the  State  Road  in  the  southeastern  part  of  Concord  Town- 
ship the  western  bank  of  Big  Creek  is  steep.  The  Paleozoic  rocks  are 
not  deeply  covered  and  so  they  occasionally  come  to  the  surface  or  are 
shown  in  the  small  runs.  In  the  bed  of  Big  Creek  a  little  farther  south 
than  on  an  east  line  from  the  house  of  Warren  W.  Winchell  is  an  ex- 
posure of  fossiliferous  Chagrin  shale.  The  layers  are  rather  coarse, 
blue  in  color  and  some  of  them  contain  numerous  specimens  of  Spirifer 
disjunctus  Sowb.,  Camarotcechia  orbicularis  Hall  (?),  and  Athyris  polita 
Hall  (?).  This  is  a  fairly  good  locality  in  which  the  fauna  of  the  Chagrin 
formation  may  be  collected  and  for  some  distance  its  shales  generally 
form  the  bed  of  the  creek.  The  complete  fauna  obtained  from  these 
shales  in  the  bed  of  Big  Creek  at  this  locality  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Camarotcechia  orbicularis  Hall  (?) (a) 

These  at  least  are  like  the  specimens  from  this  formation 
which  have  been  referred  to  this  species.  There  are,  how- 
ever, only  about  16  to  18  plications,  while  the  descrip- 
tion calls  for  24. 

3.  Athyris  polita  Hall  (?) (c) 

Some  of  the  specimens  are  rather  broad,  and  in  that  propor- 
tion approach  A.  angelica  Hall;  but  they  probably  belong; 
to  A.  polita  as  was  found  when  similar  specimens  were 
compared  with  types  of  that  species. 
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4.  Cyrtia  alta  Hall ---  (c) 

5.  Reticularia  prjematura  (Hall)  Schuchert___  (rr) 

6.  Liorhynchus  mesicostale  Hall  (?) (rr) 

7.  Productella  sp ---  (rr) 

8.  Parallelodon  cf .  chemungensis  Hall (rr) 

The  specimens  are  not  well  enough  preserved  for  positive 
identification;  but  this  species  is  reported  by  Professor 
Hall  from  the  Chemung  at  Meadville,  Pa.  (Pal.  N.  Y., 
Lamellibranchiata  II,  p.  351),  where  several  other  species 
of  this  fauna  occur. 

9.  Loxonema  sp. (rr) 

Three  volutions  are  shown  and  the  suture  is  banded  like  that 
of  L.  delphicola  Hall. 

The  Chagrin  formation  according  to  the  barometer,  extends  at 
least  56  feet  up  the  bank  where  the  highest  rusty  thin  sandstones  from 
2  to  3  inches  thick  outcrop;  while  similar  ones  are  shown  lower  which 
when  unweathered  are  bluish-gray  in  color.  Then  there  is  9  feet  more  or 
less  completely  covered,  above  which  broken,  black  bituminous  shale 
is  rather  clearly  shown  on  an  angle  of  the  bank.  There  seems  to  be  no 
question  but  that  this  shale  occurs  in  the  bank  at  this  horizon  and  repre- 
sents the  Cleveland. 

Higher  and  a  little  north  of  the  Winchell  house  is  a  large  spring 
from  which  the  Concord  Crystal  Spring  Water  is  bottled  for  the  market. 
It  is  reported  to  be  a  very  pure  drinking  water  and  there  is  an  excellent 
flow  so  that  it  has  formed  a  small  gully.  On  the  hillside,  perhaps 
6  or  8  feet  higher  than  where  the  water  is  taken,  is  a  ledge  of  sandstone 
composed  of  rather  small  white  quartz  grains,  which  are  considerably 
rusted  on  the  exposed  surface;  but  with  the  lithologic  appearance  of 
the  Berea  sandstone.  It  is  probable  that  the  water  works  down  through 
this  sandstone  and  formerly  emerged  near  its  contact  with  the  Bedford 
shale  and  lower  has  cut  the  small  gully  in  the  face  of  the  hillside. 

About  half  way  between  the  Winchell  and  E.  P.  Brown  farm-houses 
is  a  longer  run  than  most  of  those  on  this  hillside,  which  shows  the 
Paleozic  rocks  for  a  considerable  part  of  its  steep  course.  It  heads  not 
far  below  the  highway  and  a  few  rods  south  of  the  house  located  between 
the  Winchell  and  Brown  houses.  From  the  exposures  in  this  gully 
and  a  parallel  and  shorter  one  a  short  distance  to  the  south,  the  follow- 
ing section  has  been  prepared : 

Section  on  Big  Creek  between  the  Winchell  and  Brown  Houses. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

7.  Thin  sandstones  to  arenaceous  shales,  which  are  composed 
mainly  of  fine,  white  sand  grains,  alternating  with 
bluish  to  grayish  shales.  This  zone  probably  belongs. in 
the  upper  part  of  the  Bedford  formation,  although 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

some  of  the  thin  sandstones  are  composed  of  sand  of 
light  color  similar  to  some  of  the  finer  grained  sand- 
stones of  the  Berea 16  114 

6.     Mainly  blue,   argillaceous  shale,  but  with  an  occasional 

layer  of  very  thin  sandstone 6        98 

5.  At  top,  thin  layer  of  sandstone,  composed  of  fine,  white 
quartz  grains  somewhat  like  those  of  the  Berea.  The 
remainder  of  the  zone  composed  of  blue  shales  and  thin 
sandstones,  which  are  rather  argillaceous,  and  unlike 

those  of  the  Berea  in  composition 27        92 

4.     Layer  of  grayish  sandstone,  2  inches  in  thickness i      65~f~ 

3.  Below  the  sandstone  is  bluish-gray  shale,  then  a  little  that 
is  almost  black  in  color,  while  the  lower  part  of  the  zone 
is  a  coarse,  arenaceous,  dark-gray  shale.  It  is  evident 
that  the  2-inch  sandstone  (zone  No.  4)  is  in  the  Bed- 
ford formation,  and  perhaps  the  shale  of  the  present 
zone;  but  it  is  to  be  remembered  that  in  Stebbins  Gulch 
there  is  a  somewhat  similar  shale  in  the  upper  zone  of 
the  Cleveland,  which  is  limited  above  by  a  thin  sand- 
stone   5  65 

2.     Covered  interval  34        60 

1.  Chagrin  formation.  Composed  mainly  of  bluish,  argilla- 
ceous shale  to  the  level  of  Big  Creek.  On  the  creek 
bank  it  is  somewhat  fossiliferous,  specimens  of  Spirifer 
disjunctus,  Sowb.  being  the  most  abundant.  Camaro- 
tcechia  orbicularis  Hall  (?),  and  Athyris  cf.  polita  Hall 
were  also  collected.  In  the  smaller  gully,  a  few  yards 
to  the  south  of  the  longer  one,  commencing  at  creek 
level,  22  feet  of  Chagrin  shale  was  seen,  with  a  3-inch 
sandstone  layer  at  the  top 26  26 

In  the  above  section  perhaps  No.  3  represents  the  top  of  the  Cleve- 
land shale;  but  the  greater  part  of  it,  at  least,  occurs  in  the  covered 
interval  of  No.  2.  If  the  remainder  of  the  section  from  No.  3  to  the  top 
belongs  in  the  Bedford  then  49  feet  of  that  formation  is  shown  in  this 
gully. 

In  a  small  stream  west  of  the  E.  P.  Brown  house  and  old  factory, 
from  which  water  was  formerly  taken  for  the  factory,  is  a  small  outcrop 
on  its  bank  of  coarse-grained,  soft  Berea  sandstone.  This  locality 
is  in  the  woods  some  rods  up  the  stream  from  the  old  factory  and  the 
outcrop  is  20  feet  higher  than  the  top  of  the  last  described  section. 
The  rock  is  typical  soft  Berea  sandstone  and  shows  that  the  base  of  this 
formation  is  here  more  than  116  feet  higher  than  the  level  of  Big  Creek 
while  on  the  H.  H.  Stone  farm,  1.6  miles  to  the  west  of  south,  it  is  in  the 
creek  bed. 

In  Big  Creek  on  the  Mary  A.  Haldeman  farm,  which  is  the  next 
one  south  of  the  E.  P.  Brown  farm  and  the  most  northern  one  in  Chardon 
Township,  are  outcrops  of  argillaceous,  soft  blue  shale  which  are  within 
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a  few  feet  of  the  top  of  the  Chagrin  formation.  This  is  a  little  farther 
south  than  where  a  direct  easterly  line  from  the  Haldeman  house  would 
cross  the  creek,  where  the  outcrop  occurs  in  the  lower  part  of  the  east- 
ern bank  at  low  water  and  also  partly  forms  the  floor  of  the  creek. 
The  shale,  which  is  called  soapstone  by  the  farmers,  is  rather  fossili- 
ferous  and  contains  Spirifer  disjundus  Sowb.,  Dalmanella  tioga  (Hall) 
Wms.  and  Productella  sp. 

About  120  feet  farther  up  the  creek,  on  the  same  side  and  about 
3  feet  higher  than  where  the  fossils  were  collected,  is  the  contact  or  the 
Chagrin  and  Cleveland  shales.  The  contact  may  be  seen  by  examining 
the  bank  closely,  where  just  above  the  soft  Chagrin  shale  3J  feet  of  very 
black  characteristic  Cleveland  is  shown.  The  Cleveland  comes  out 
in  large,  thick  blocks  of  massive  shale,  which  on  weathering  split  up 
into  the  thinner  characteristic  laminae. 

A  few  rods  farther  up  the  creek  the  contact  is  clearly  shown  on  the 
northwest  bank,  where  the  massive  Cleveland  shale  projects  beyond 
the  soft  Chagrin  shale.  Again  on  the  opposite  bank  slightly  up  stream 
is  the  Cleveland  shale  and  then  a  small  anticlinal  fold  occurs  which  brings 
up  the  Chagrin,  but  it  drops  down  again  to  creek  level  at  the  fence.  There 
is  also  indication  of  considerable  dip  to  the  east  of  south  when  the  position 
of  the  shales  on  opposite  sides  of  the  stream  is  compared.  Above  the 
fence  is  a  bank  of  high  drift  material  arid  a  little  farther  up  stream  than  its 
base,  Cleveland  shale  occurs  on  both  sides  and  in  the  bed  of  the  creek, 
with  a  bank  nearly  5  feet  high  on  the  southeast  side.  Farther  up  the 
stream  are  more  banks  of  boulder  clay  and  sandy  drift. 

Between  the  exposures  just  described  on  the  Haldeman  farm 
and  the  higher  ones  on  the  E.  P.  Brown  farm,  about  on  the  township 
line,  is  a  bank  perhaps  40  feet  high  composed  mainly  of  sand,  which 
is  stratified  to  some  extent,  with  apparently  some  clay  near  its  base. 
A  recent  land  slide  had  left  the  upper  part  nearly  perpendicular,  as  seen 
in  the  fall  of  1906,  and  the  sand  deposit  was  beautifully  shown. 

One  mile  above  the  outcrops  of  shale  on  the  Haldeman  farm  and 
about  one-half  mile  above  where  the  Griswold  Hollow  road  crosses 
Big  Creek,  are  interesting  beds  of  sandstone  on  the  former  farm  of 
H.  H.  Stone;  but  in  1909  owned  by  Joe  Baumgartner. 

Section  on  Baumgartner  Farm. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

10.  Berea  grit.  Coarse-grained,  rather  soft,  gray  rock,  com- 
posed of  white  quartz  grains,  which  is  shown  in  small 
run  entering  Big  Creek  from  the  east.  The  sandstone 
of  this  highest  zone  is  partly  covered;  but  apparently 
part  of  it  is  cross-bedded.  At  an  earlier  visit,  out- 
crops of  this  zone  were  noted,  extending  some  4  feet 
highei . 12±  37 


250  DEVONIAN  AND  MISSISSIPPIAN 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

9.     Cross-bedded,  massive  zone,  the  top  of  which  makes  a 

small  fall  in  the  run  4§      25 — 

8.     Ripple-marked  zone   t       20j 

7.  Strongly  cross-bedded  zone  of  coarse-grained,  quartz  sand- 
stone   1(H  19^ 

6.  Massive,  coarse-grained,  friable  sandstone,  in  which  are 
hard  lumps  like  concretions,  which  are  conspicuous  on 
a  weathered  surface.  This  zone  is  well  shown  in  the 
lowest  ledge  of  Berea  sandstone,  on  the  eastern  bank 
of  the  creek,  a  short  distance  above  the  second  fall lij  9 

5.  Thin-bedded,  even-layered,  coarse-grained,  quartz  sand- 
stone, containing  beautiful  and  frequent  examples  of 
ripple-marks.  The  layers  vary  in  thickness  from 
s  inch  to  2£  inches,  or  slightly  more If  7§ 

4.  Shale  zone  composed  of  thin  layers  of  rather  bluish  sand- 
stone, which  consists  of  coarse,  rounded,  white  quartz 
sand,  alternating  with  layers  of  rather  soft,  bluish 
shale.  In  this  zone  there  is  a  considerable  amount  of 
the  bluish  shaly  material,  mixed  with  the  sandstone. 
The  sand  is  white  quartz,  larger  than  the  grains  in  the 
subjacent  sandstones,  and  is  like  that  of  the  Berea, 
while  the  shaly  material  is  perhaps  more  like  that  of 
the  Bedford.  It  looks  as  though  the  blue  Bedford 
shale  had  been  worked  over  and  mixed  with  the  Berea 
sand.  The  coarser  layers  of  sandstone  have  numerous 
examples  of  small  ripple-marks,  with  the  crests  from 
1  to  2  inches  apart.  The  shale  shows  splendid  examples 
of  sun-cracks,  extending  almost  to  the  very  base  of  the 
zone,  some  of  which  have  fillings  an  inch  in  width. 
The  chemical  composition  of  the  lower  part  of  this 
shale,  according  to  Professor  Demorest's  analysis,  is 
as  follows:  Clay,  13.1%;  quartz,  65.5%;  feldspathic 
material,  20.2%,  Fe2O3,  1.2%.  The  above  description 
is  drawn  up  mainly  from  the  exposure  on  the  western 
bank  of  the  creek,  just  above  the  second  fall;  but  farther 
up  the  stream,  on  the  opposite  bank,  this  zone  is  thicker, 
varying  from  1  foot  11  inches  to  2  feet.  This  shale 
zone  apparently  rests  directly  on  the  subjacent  blue, 
compact  Bedford  sandstone lf~l~  5i~2 

3.  Bedford  formation.  Stratum  of  gray  to  blue  (bluish-gray 
when  wet),  compact  sandstone,  composed  to  a  consid- 
erable extent  of  very  fine  grains  of  white  quartz  sand. 
These  grains  of  sand  are  much  finer  than  those  in  the 
zone  above,  and  do  not  resemble  the  grains  of  Berea 
sand.  This  stratum  varies  in  thickness  from  9  to  10 
inches,  and  makes  the  second  fall  in  the  creek.  Pro- 
fessor Demorest's  analysis  of  this  sandstone  is  as  fol- 
lows: Clay,  9.9%;  quartz,  74.6%;  feldspathic  ma- 
terial, 13.5%;  Fe2O3,  2% f+  4£ 

2.  Soft,  blue,  argillaceous  shale,  alternating  with  thin  layers 
of  sandstone,  which  are  composed  of  grains  of  fine  white 
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Total 

Thick-  thick- 
ness,    ness. 
No  Feet.     Feet. 

sand.  This  shale  zone  is  like  that  of  the  Bedford  for- 
mation, and  the  shales  weather  to  the  brownish  or 
reddish  color  on  the  outside,  so  frequently  seen  in  the 
Bedford  sandstones.  The  zone  varies  in  thickness 

from  1  foot  10  inches  to  2  feet If        3A 

1.  Compact,  light  gray  to  bluish,  fine-grained  sandstone, 
which  makes  a  small  fall  in  Big  Creek  nearly  below  the 
Baumgartner  house,  and  forms  the  base  of  this  section. 
It  is  composed  of  fine,  white  quartz  grains  of  sand  simi- 
lar to  those  composing  the  lowest  sandstone  layer  in 
Griswold  Hollow  (which  will  be  described  shortly), 
and  the  barometer  gave  the  same  level  for  the  two 
layers.  The  surface  of  part  of  this  stratum  is  weath- 
ered to  a  brownish  or  reddish  color.  At  least  19  inches 
is  shown  in  the  fall,  and  the  layer  is  probably  thicker; 
but  its  base  could  not  be  seen 1  ^  1  j-2 

About  9  feet  of  the  lower  part  of  the  Berea  sandstone  is  also  shown 
on  the  eastern  bank  of  Big  Creek,  just  above  the  second  low  fall.  The 
third  fall  or  rather  cascade  in  Big  Creek  at  this  locality  is  over  these 
lower  thin  and  cross-bedded  sandstones.  On  the  eastern  bank  opposite 
fche  cascade  and  not  far  above  where  the  run  from  the  east  enters  Big 
Creek,  is  an  excellent  spring  which  emerges  from  the  lower  thin-bedded 
Berea  sandstones.  Good  springs  are  of  somewhat  frequent  occurrence 
in  the  lower  part  of  the  Berea  sandstone  as  is  to  be  expected  when  its 
texture  is  considered  together  with  the  fact  that  it  is  underlain  by  a 
formation  composed  mainly  of  a  more  or  less  impervious  shale.  Pro- 
fessor Carney  has  called  attention  to  a  similar  water-bearing  formation 
in  central  Ohio— the  Black  Hand— which  is  underlain  by  the  Cuyahoga 
shales  and  fine-grained  sandstones,  and  described  its  importance  in 
determining  the  location  of  the  f  arm-houses,  i 

There  may  be  some  question  in  the  above  section  as  to  what  horizon 
shall  be  considered  the  base  of  the  Berea  formation.  The  writer  con- 
siders that  the  9-inch  sandstone  stratum,  No.  3  of  the  section,  is  the  top. 
of  the  Bedford  formation  as  found  in  this  creek.  The  fine-grained 
sandstone  of  zones  1  and  3  are  lithologically  like  those  of  the  Bedford 
formation,  being  much  harder  as  well  as  finer  grained  than  the  Berea, 
while  the  intermediate  shale  zone  is  also  lithologically  like  the  shales 
of  the  Bedford.  Again,  just  above  the  9-inch  sandstone  begin  thin, 
layers  of  sandstone  composed  of  coarse,  rounded  grains  of  quartz  sand, 
numerous  layers  of  which  show  distinct  ripple-marks  and  others  sun- 
cracks. 

It  appears  to  the  writer  that  the  upper  part  of  the  Bedford  formation 


Top.  Sci.  Monthly,  Vol.  LXXII,  1908,  pp.  503-11,  and  reprinted  in  Bull.  Denison 
Univ.,  Vol.  XIV,  1909,  pp.  146-155. 
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was  eroded  down  to  one  of  its  hard  and  thicker  sandstones.  It  became 
perhaps  a  land  surface  and  later  on  top  of  this  Bedford  sandstone  was 
deposited  the  first  of  the  Berea  sands.  This  sand  was  also  mixed  with  some 
clayey  material,  probably  derived  from  the  Bedford.  Some  of  the  time 
at  least  it  was  uncovered  so  that  it  dried  and  cracked  making  sun — or 
mud — cracks.  Also  in  the  sand  deposits  of  the  shallow  water  numerous 
ripple-marks  were  preserved. 

After  about  20  inches  to  2  feet  of  this  type  of  deposit  came  the  con- 
tinuous coarse  deposits.  The  lower  ones  are  even-bedded,  coarse-grained 
sandstones,  splitting  into  fairly  thin  layers  which  are  succeeded  by  a  rath- 
er massive  layer,  and  then  conspicuously  cross-bedded  ones.  In  other 
words,  it  appears  to  the  writer  that  the  coarse  deposits  of  zone  4  con- 
stituting the  base  of  the  Berea  formation  rest  disconformably  upon  the 
sandstone  stratum  of  zone  3  which  is  considered  the  top  of  the  Bedford 
formation  as  shown  in  this  section.  This  explanation  will  receive 
additional  support  from  the  section  in  Griswold  Hollow  on  Jenks  Creek, 
one-half  mile  to  the  northeast,  a  description  of  which  will  be  found  a 
little  farther  on  in  this  bulletin. 

Recently  certain  geologists  have  expressed  the  opinion  that  the 
Berea  sandstone  is  a  continental  rather  than  a  marine  deposit.  The 
writer's  attention  was  first  called  to  this  theory  of  its  deposition  by  the 
statement  of  Dr.  Grabau  which  opinion  has  later  been  more  fully  ex- 
pressed by  Professor  Gushing  who  states  that  an  uplift  occurred  at  the 
close  of  Bedford  deposition.  This  uplift  increased  the  grade  of  the  stream 
which  bore  down  quantities  of  sand  and  spread  it  out  in  broad  flats 
in  the  lower  parts  of  their  courses  and  as  delta  deposits  at  their  mouths. 

The  cross-bedding,  ripple-marks  and  sun-cracks  noted  in  the  de- 
scription of  certain  layers  in  the  preceding  section,  have  generally  been 
regarded  as  characteristic  of  shallow  water  deposits.  Our  latest  Ameri- 
can text-book  of  geology  states  that  *  'These  characteristics  [with  which 
were  also  included  rill-marks,  tracks  of  land  animals  and  fossils  of 
organisms  that  lived  in  waters  of  slight  depth]  are  sufficient  to  differ- 
entiate sedimentary  formations  made  in  shallow  water  from  those 
'made  in  deep  water,  even  after  they  have  been  converted  into  solid 
rock,  and  after  the  rock  has  emerged  from  the  sea.  Many  of  these 
characteristics  are,  however,  shared  by  deposits  made  by  streams  on 
land."1  It  will  be  noted  that  although  the  above  named  authors  cite 
those  characteristics  as  in  general  evidence  of  shallow  water  deposits, 
still  they  also  recognize  them  as  occurring  in  deposits  made  by  streams 
on  land. 

Professor  Scott  stated  that  sun — or  mud — cracks  "may  be  pre- 
served indefinitely  in  rocks  which  are  formed  from  flood-plain  accum- 
ulations. In  such  deposits  there  is  apt  to  be  a  difference  in  the  material 
thrown  down  in  the  earlier  and  later  stages  of  the  flood,  because  of  the 

'Chamberlin  and  Salisbury:    A  College  Text-book  of  Geology,  1909,  pp.  320,  321. 
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difference  in  the  velocity  with  which  the  waters  move.  After  the  river 
ceases  to  rise,  the  water  over  the  flood  plain  becomes  almost  stagnant 
and  lays  down  very  fine  material,  which  thus  forms  the  cracked  surface. 
When  the  next  flood  arrives,  it  carries  coarser  material,  frequently 
sand,  which  fills  up  the  cracks  and  thus  preserves  them.  Mud  cracks 
are  formed  under  other  conditions  *  *  *  but  probably  nowhere 
on  such  an  extensive  scale  as  on  the  flood  plains  of  rivers  which  flow 
through  arid  regions."1 

Geikie  states  that  "sun-cracks  could  not  have  been  produced  so 
long  as  the  sediment  lay  under  water.  Their  existence  therefore  among 
any  strata  proves  that  the  surface  of  rock  on  which  they  lie  was  ex- 
posed to  the  air  and  dried,  before  the  next  layer  of  water-borne  sediment 
was  deposited  upon  it.  "2 

Professor  Barrell  in  his  studies  for  students  has  made  the  following 
statements  concerning  this  subject: 

"The  flood-plain  of  an  aggrading  river  covers  a  wide  area,  in  the 
case  of  the  larger  rivers  measured  by  thousands  of  square  miles.  It  is 
all  periodically  subject  to  inundations  which  may  last  for  a  few  days  or 
weeks,  but  leave  the  greater  part  of  the  surface  exposed  to  the  air  during 
much  of  the  year.  The  invading  flood  waters  frequently  sweep  sand  with 
them,  but  after  the  flood  is  at  its  height  the  waters  drain  away  quietly 
and  much  of  the  fine  clay  is  deposited  from  suspension.  Thus  on 
river  flood-plains  there  is  peculiar  liability  to  form  well  interstratified 
deposits  of  sand  and  clay;  to  fill  up  the  last-formed  mud-cracks  with 
coarser  material,  and  hence  permanently  to  record  them  through  the 
varying  composition  and  structure  of  the  formation.  Such  successive 
strata  of  the  same  nature  may  be  indefinitely  accumulated."3  In  his 
"conclusions  on  geological  significance  of  mud-cracks"  he  summed  up 
the  evidence  as  follows:' 

"It  would  seem  that  next  to  coal  beds  formed  in  situ,  or  abundance  of 
land  fossils  belonging  to  the  animal  kingdom,  that  mud-cracks  form  one 
of  the  surest  indications  of  the  continental  origin  of  argillaceous  deposits. 
The  structure  is  also  seen  most  commonly  to  originate  under  climatic 
conditions  where  the  other  tests  are  apt  to  fail. 

"It  may  be  considered,  therefore,  that  mud-cracked  shales  pre- 
dominantly indicate  former  flood-plain  deposits,  usually  on  delta  surfaces 
which  have  displaced  shallow  seas."4 

The  base  of  the  Berea  sandstone  in  the  creek  at  this  locality  is  by 
the  barometer  about  188  feet  below  the  base  of  the  Sharon  conglomerate 
in  Rocky  Cellar,  about  2.4  miles  to  the  east  of  south.  If  the  Berea 
formation  is  61  feet  in  thickness  as  in  Griswold  Hollow  one-half  mile  to 

'An  Introduction  to  Geology,  2d  ed.,  1908,  p.  206. 
2Text-book  of  Geology,  4th  ed..  Vol.  I.  1903,  p.  643. 
"Jour.  Geology,  Vol.  XIV,  1906,'  p.  540'. 
4Ibid..  p.  550. 
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the  northeast,  then  its  top  in  this  glen  is  127  feet  below  the  base  of  the 
Sharon  conglomerate.  This  agrees  very  closely  with  the  thickness — 125 
feet — of  this  interval  as  obtained  by  barometer  readings  between  the 
base  of  the  conglomerate  in  Rocky  Cellar  and  the  top  of  the  Berea  grit 
in  Griswold  Hollow  and  also  the  base  of  the  conglomerate  north  of 
North  Chardon  and  the  Berea  grit  at  the  same  locality. 

Farther  back  from  Big  Creek  and  higher  than  the  outcrops  of  Berea 
sandstone  are  banks  of  boulder  clay  and  other  drift  material.  The 
two  succeeding  banks  above  the  third  fall  are  composed  of  drift  material 
and  near  the  creek  on  the  second  bank  is  blue  boulder  clay.  The  creek 
was  not  followed  from  this  bank  until  near  the  Robinson  bridge  about 
one  and  one-half  miles  farther  up  stream.  A  drift  and  clay  bank  is 
shown  below  the  bridge  while  between  it  and  the  run  on  which  is  Rocky 
Cellar  there  are  numerous  exposures  of  boulder  clay.  In  this,  latter 
interval  at  different  localities  are  four  or  five  rather  high  banks  of  clay; 
the  highest  one  from  20  to  25  feet,  but  its  upper  part  is  less  pure  clay 
and  apparently  more  sandy  than  the  compact  bluish  clay  which  forms 
the  lower  part.  The  boulders  in  the  clay,  as  a  rule,  are  not  large,  and 
perhaps  better  be  called  large  pebbles.  In  the  fields  an  occasional 
boulder  of  jasper  pebble  conglomerate  was  noticed. 

Outcrops  Near  Painesville,— On  the  banks  of  Grand  River  above 
Painesville  are  excellent  exposures  of  the  Chagrin  formation.  On  the 
Grand  River  and  Big  Creek  in  and  near  Moody  Hollow  from  one  mile 
to  a  mile  and  a  half  south  of  the  New  York,  Chicago  &  St.  Louis  Rail- 
road are  high  banks  of  the  Chagrin  which  give  fine  exposures  of  the  for- 
mation. At  this  locality  Mr.  M.  C.  Read  in  the  Lake  County  report 
gave  the  thickness  of  the  Erie  shale  [Chagrin  formation]  where  the  river 
cuts  through  South  Ridge,  as  from  80  to  100  feet  to  the  bed  of  the  stream, 
superjacent  to  which  is  from  30  to  50  feet  of  blue  clay,  then  3  to  4  feet 
of  mixed  sand  and  blue  clay  and  finally  60  feet  of  yellow  clay  wUh  sand 
at  the  top.1  The  rocks  consist  of  shales  alternating  with  thin  sandstones 
and  the  outcrops  with  interruptions  continue  up  the  creek  to  the  lower 
sections  already  described  under  the  heading  of  Sections  on  Big  Creek.2 
The  outcrops  of  the  Chagrin  formation  may  be  studied  to  advantage 
in  these  fine  ravines  in  the  vicinity  of  Painesville.  The  slopes  of  the 
banks  are  more  or  less  covered  with  evergreens  and  the  high,  rocky 
walls  make  attractive  ravines  which  in  the  Moody  Hollow  region  are 
picturesque. 

One  reading  of  the  barometer  was  taken  in  Moody  Hollow  and 
another  at  the  top  of  the  Chagrin  formation  on  the  Chardon-Concord 
road  rather  more  than  a  mile  to  the  south  of  Concord  and  about  2.8 
miles  south  of  Moody  Hollow  which  gave  a  difference  in  altitude  of 


1Geol.  Surv,  Ohio,  Vol.:I,  1873,  p.  517. 
2Page245. 
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345  feet.  It  appears  safe  to  say  that  at  least  the  upper  350  feet  of  the 
Chagrin  formation  may  be  studied  in  outcrops  near  Painesville  commenc- 
ing in  the  Grand  River  at  that  town  and  continuing  up  its  branches 
to  the  south. 

Dr.  Newberry  in  1889  discussed  the  thickness  of  the  Erie  shale 
[Chagrin  formation]  in  this  region  as  follows: 

"At  Painesville  the  Erie  shale,  by  the  boring  made  at  General 
Casement's  house,  was  proved  to  have  a  thickness  of  seven  hundred 
feet,  and  there  to  rest  upon  black  shale,  from  which  it  was  sharply 
separated.  From  two  hundred  to  three  hundred  feet  of  the  upper  portion 
of  the  Erie  shale  are  here  wanting,  having  been  removed  by  erosion; 
but  this  portion  may  be  seen  by  following  up  the  valley  of  Chagrin 
River.  Hence  we  have  evidence  that  there  the  Erie  shale  is  not  far 
from  one  thousand  feet  in  thickness  and  is  essentially  alike  throughout; 
that  is,  is  composed  of  soft  dove  colored  shale,  with  flags  of  sandstone."1 
Mr.  H.  P.  Cumings,  city  engineer  of  Painesville,  wrote  concerning 
the  location  of  this  well  that  he  did  not  know  whether  "it  is  on  high 
land  or  in  the  valley,  but  presume  it  is  on  the  high  land.  This  would  be 
nearly  100  feet  above  the  river.  The  fall  in  the  river  from  Moody 
Hollow  to  this  point  I  have  never  determined,  but  think  it  is  not  less 
than  10  feet  and  is  perhaps  15  feet."* 

Later  it  was  learned  that  the  gas  well  was  drilled  on  the  grounds 
of  General  Casement  which  are  east  of  the  Grand  River  and  about 
one  mile  east  of  the  Court  House  Park  in  Painesville  and  at  about  the 
same  level.  According  to  the  barometer  the  level  of  Grand  River  be- 
low the  highway  bridge  and  Abbotts  Mill  is  from  80  to  85  feet  lower 
than  the  street  opposite  the  Parmly  House  and  Court  House  Park. 

Chardon  Outcrops*  —  The  town  of  Chardon  is  located  on  a  hill 
which  is  underlain  by  the  Sharon  conglomerate.  About  one-half  mile 
northeast  of  Chardon  Park,  two  small  tributaries  of  Big  Creek  have  cut 
small  gorges  in  the  conglomerate,  which  are  nearly  parallel  and  about 
35  rods  apart.  They  may  be  readily  reached  by  going  to  the  northern 
end  of  Maple  Avenue  and  then  for  a  short  distance  across  the  field 
to  the  northeast.  The  northern  glen  affords  the  better  geological 
section,  which  will  be  described  first,  and  the  top  of  the  outcrop  by  the 
barometer  is  about  93  feet  lower  than  the  sidewalk  in  front  of  the  Chardon 
House,  which  is  about  1,300  feet  above  sea  level. 

Section  of  Rocky  Cellar.  Thick-  twcl- 

ness.    ness. 
No.  Feet.    Feet. 

3.  Highest  outcrop  of  Sharon  conglomerate  as  shown  in  field 
at  head  of  gully.  To  a  considerable  extent  the  rock 
is  a  coarse,  white  quartz  pebble  conglomerate,  in  which 


'Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  p.  129. 
'Letter  of  Feb.  27,  1909. 


256  DEVONIAN  AND  MISSISSIPPIAN 

Total 

Thick-  thick- 
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are  large  numbers  of  pebbles,  and  the  other  portions 
are  simply  grit,  or  very  coarse-grained  sandstone.  The 
rock  is  considerably  stained  from  iron,  sometimes 
making  rusty  layers,  and  other  portions  are  speckled 
by  spots  of  rust;  while  portions  of  the  cliff  show  con- 
spicuous cross-bedding.  Two  readings  of  the  barometer 
gave  30  feet  each  for  the  thickness  of  this  zone,  while 
the  level  made  it  31  feet.  Rather  more  than  the  lower 

20  feet  of  the  zone  is  well  showrn  in  the  glen 31         39 

2.     Covered  interval  6±       8 

1.  Cuyahoga  terrane.  Bluish-gray,  mostly  soft,  argillaceous 
shale,  but  some  is  slightly  arenaceous,  shown  in  the  run, 
and  on  the  bank  2  or  3  rods  below  the  base  of  the  ledge 
of  Sharon  conglomerate.  This  shale  has  the  litho- 
logic  appearance  of  the  Cuyahoga,  and  undoubtedly  is 
very  near  the  top  of  that  terrane.  Springs  appear  in 
this  gully,  and  at  other  similar  horizons  on  the  eastern 
side  of  Chardon,  showing  the  contact  of  the  Sharon 
conglomerate  with  the  clay  shales  of  the  underlying 
Cuyahoga  terrane  ___  2=*=  2 

In  the  stream  of  the  southern  gully  a  few  rods  below  the  conglomer- 
ate, a  foot  or  so  of  bluish-gray  Cuyahoga  shale  is  shown.  There  is  then 
a  covered  interval  and  the  numerous  fallen  blocks  of  conglomerate 
render  it  difficult  to  determine  accurately  the  base  of  the  Sharon  con- 
glomerate. From  the  lowest  layer  actually  seen  in  place,  however, 
to  the  top  of  the  exposure  of  the  conglomerate  is  38  feet. 

The  Sharon  conglomerate  is  shown  on  North  Hambden  Street 
and  in  the  small  gully  on  its  northern  side.  It  is  exposed,  however,  to  a 
greater  extent  on  South  Hambden  Street,  where  outcrops  may  be 
found  to  within  about  20  feet  of  the  top  of  the  hill  and  to  the  water- 
ing trough  well  down  its  slope.  There  is  also  a  small  glen  to  the  north 
of  this  street  in  which  the  conglomerate,  according  to  the  barometer, 
is  shown  about  5  feet  lower  than  on  the  street.  From  the  base  of  the 
outcrop  in  this  gully  to  the  highest  ledge  on  the  street,  which  is  composed 
of  coarse  sandstone  and  white  pebble  conglomerate,  is  by  the  barometer 
95  feet,  all  of  which  belongs  in  the  Sharon.  Neither  its  top  nor  bottom 
is  shown,  although  the  lower  outcrops  are  probably  not  far  above  its 
base,  and  it  can  be  said  that  in  Chardon  the  Sharon  conglomerate  is 
100  feet  or  more  in  thickness. 

At  the  Chardon  House,  Mr.  John  Carver  states  that  their  well 
drilled  in  1906  is  119J  feet  deep  and  that  it  reached  solid  rock  at  a 
depth  of  15  feet.  It  passed  through  some  soapstone,  but  was  mainly 
in  sandstone  and  the  water  rises  about  80  feet  in  it.  Mr.  Orange  Cook 
thinks  this  well  passed  through  the  conglomerate.  Mr.  Cook  stated 
that  in  the  basement  of  the  store  occupied  by  Cook  and  Parsons,  on 
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the  northwest  corner  from  the  Chardon  House,  the  conglomerate  was 
found  to  be  very  hard  from  iron,  while  only  a  short  distance  away  in 
digging  for  a  fire  cistern  it  was  so  soft  that  it  could  almost  be  shoveled 
out.  Mr.  Cook  also  reported  that  some  years  ago  a  well  was  drilled 
below  the  corner  of  Water  and  South  Water  streets,  the  second  corner 
west  of  the  Chardon  House,  which  went  into  the  Cuyahoga  shales. 
He  is  not  sure  whether  or  not  the  conglomerate  was  found  in  this  well; 
but  probably  it  was  since  the  mouth  of  the  well  is  not  much  more  than 
50  feet  lower  than  the  Chardon  House.  Later  the  well  was  drilled 
deeper  and  enough  oil  was  obtained  to  spoil  the  water,  which  shows 
that  it  is  not  safe  in  this  village  if  good  water  is  obtained  to  drill  to  any 
considerable  depth  in  the  Cuyahoga  terrane. 

It  was  reported  by  Mr.  M.  L.  Maynard  that  many  years  ago  a 
well  was  dug  in  the  park  to  a  depth  of  95  feet  which  reached  rock  at 
a  depth  of  10  or  15  feet  and  the  remainder  was  all  sandstone  or  conglomer- 
ate. The  Park  House  well,  Mr.  Maynard  reported  as  100  feet  deep 
before  water  was  reached,  while  the  well  at  his  house  passed  through  13 
feet  of  sand  and  gravel  and  then  62  feet  of  Sharon  sandstone  and  con- 
glomerate before  reaching  water. 

In  the  southeastern  part  of  Chardon,  on  East  King  Street,  the  Sharon 
conglomerate  is  quarried  by  Charles  Grant.  The  rock  is  not  very  pebbly 
in  this  quarry  but  is  largely  a  coarse-grained  sandstone  which  is  obtained 
in  rather  large  blocks  that  are  used  for  bridge  abutments  and  similar 
heavy  work. 

Griswold  Hollow*  —  In  the  northeastern  part  of  Chardon  Town- 
ship rather  more  than  3  miles  east  of  north  of  the  park  in  Chardon  is 
a  glen  on  Jenk's  Creek  an  eastern  tributary  of  Big  Creek.  This  is 
generally  known  as  Griswold  Hollow,  although  recently  it  has  been 
labeled  Hemlock  Glen.  There  is  a  fall  of  45  feet  over  the  Berea  sand- 
stone in  the  glen  and  a  short  distance  farther  up  the  stream  is  an  old 
quarry.  The  following  section  was  measured  from  the  foot  of  the  glen 
to  the  top  of  the  quarry  and  on  up  Jenk's  Creek: 

Section  of  Jenk's  Creek  and  Griswold  Hollow. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

9.  Orangeville  formation,  and  perhaps  this  sandstone  zone 
may  be  referred  to  the  Chardon,  although  the  interval 
between  its  base  and  the  top  of  the  Berea  sandstone  is 
greater  than  in  Stebbins  Gulch,  and  it  is  also  thicker. 
Bluish,  fine-grained,  thin-layered  sandstones,  alter- 
nating with  arenaceous  and  argillaceous  shales.  This 
sandstone  zone  is  the  highest  rock  shown  on  this  stream, 
and  from  its  base  to  the  highest  outcrop,  the  barometer 
gave  a  difference  of  20  feet.  Farther  down  the  creek, 
18— G.  B.  15. 
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on  its  southern  bank,  where  the  sandstone  caps  a  32- 
foot  bank  of  shale,  Mr.  Morse  measured  13j  feet  of 
sandstone  and  shale;  but  apparently  the  outcrop  on 

this  bank  does  not  extend  to  the  top  of  the  zone 20      128 

8.  Bank  composed  mainly  of  black  to  bluish-black, argillaceous 
shale.  An  occasional  layer  of  arenaceous  shale  to  thin 
sandstone,  however,  occurs  to  within  8  feet  of  the  base 
of  the  bank;  below  which  it  is  composed  entirely  of 
black,  bituminous  shale.  As  leveled  by  Mr.  Morse, 
this  shale  bank  is  32  feet  high,  and  the  barometer  gave 

30feetforit  J 32      108 

7.  Covered  interval  to  top  of  sandstone  in  old  quarry.  Barom- 
eter at  one  time  made  the  difference  15  feet,  and  the 
second  time  less  than  10  feet.  Perhaps  10  feet  is  a  fair 
estimate  for  this  interval,  although  it  is  possible  that 
it  is  not  so  great,  in  which  case,  the  thickness  of  the 
shale  separating  the  Berea  sandstone  and  this  upper 
one  will  not  differ  greatly  from  the  thickness  of  the 

similar  shale  in  Stebbins  Gulch 10="=     76 

6.  Berea  sandstone  in  old  quarry  a  short  distance  above  the 
fall,  and  the  highest  layer  of  the  formation  seen.  It 
is  a  massive  stratum,  and  probably  very  near  the  top 
of  the  formation.  The  sandstone  may  be  followed  up 
the  creek,  above  the  bridge,  but  the  barometer  indi- 
cated that  the  top  of  this  outcrop  was  no  higher  than 
the  top  of  the  old  quarry.  In  the  bed  of  the  creek, 
above  the  fall,  one  line  of  joints  is  finely  shown,  which 
run  N.  40°  W.  The  basal  part  of  the  fall  is  a  massive, 
bluish-gray,  coarse-grained  sandstone,  succeeded  by  a 
thin-bedded  zone;  these  two  lower  ones  with  a  total 
thickness  of  about  6  feet,  then  massive  sandstone  again, 
while  thin,  flaggy  layers  occur  above  the  brink  of  the 
fall.  From  the  foot  of  the  fall  to  the  bed  of  the  creek 
above  is  27  feet  by  level,  while  from  the  foot  of  the  fall 
to  the  top  of  the  old  quarry  is  45  feet  by  the  barometer 

and  46  feet  by  the  level 46        66 

5.  Upper  part  of  this  interval  covered  as  the  creek  is  followed 
from  the  fall,  but  the  lower  portion  is  shown  on  the  bank 
of  the  creek  a  few  rods  below  the  spring,  and  probably 
all -of  it  a  little  farther  down  the  stream  on  the  north- 
eastern bank,  about  opposite  the  house  of  Mr.  V.  S. 
Davis.  It  is  fairly  massive,  somewhat  coarse-grained, 
and  rather  soft,  while  the  lowest  9  inches  or  so  is  very 
thin-bedded  to  shaly  sandstone,  with  abundant  ripple- 
marks,  and  one  sandstone  layer  2  inches  or  more  in 
thickness  contains  numerous  blue  shale  pebbles  from 
the  shale  below.  The  quartz  sand  composing  these 
layers  has  a  rather  bluish-gray  color.  The  average  of 
three  readings  of  the  barometer  gave  10  feet  for  the 

thickness  of  this  zone 10±     20 

4.    Shale  zone  consisting  of  bluish  shale,  alternating  with  thin 
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sandstones  as  shown  on  bank  of  creek,  opposite  house 
of  Mr.  V.  S.  Davis.  The  writer  obtained  5  feet  2  inches 
for  the  thickness  of  this  zone,  and  Mr.  Morse  made  it 
5  feet  3  inches.  The  upper  3  feet  of  this  zone  contains 
more  blue  shale  than  sandstone,  and  there  are  even, 
thin  layers  of  argillaceous  shale,  but  there  are  also 
thicker  layers  composed  of  coarse,  quartz  sand.  The 
upper  one  and  one-half  feet,  however,  is  almost  entirely 
a  blue,  rather  tough,  arenaceous  shale.  The  extreme 
upper  part  of  this  zone  is  best  exposed  on  the  south- 
western bank  of  the  creek  a  few  rods  below  the  spring, 
where  ripple-marks  and  large  and  conspicuous  sun- 
cracks  are  beautifully  shown.  Some  of  the  sun-cracks 
reach  a  width  of  1£  inches,  with  a  length  of  3  to  4  feet, 
and  are  mainly  filled  with  the  white  quartz  sand  similar 
to  that  composing  the  superjacent,  coarse  sandstones, 
so  that  the  lines  in  all  their  ramifications  are  sharply 
marked  in  the  blue  shale.  The  casts  of  the  sun- 
cracks  are  also  shown.  These  sun-cracks  are  among 
the  largest  and  most  conspicuous  the  writer  has  ever 
seen.  Some  of  these  largest  cracks  extend  through 
several  of  the  thin  layers  and  look  like  joints  mainly 
filled  by  the  coarse,  white  sand  of  the  Berea,  which 
forms  massive  layers  composed  of  coarse,  white  quartz 
grains  a  little  higher  on  the  bank.  The  chemical  com- 
position of  the  material  filling  these  cracks  is  as  fol- 
lows, according  to  the  analysis  of  Professor  Demorest: 
Clay,  9.3%;  quartz,  73.2%;  feldspathic  material,  16.5%; 
Fe20s,  1%.  In  the  lower  2  feet  of  this  zone,  thin,  even 
layers  of  light  gray  sandstone  predominate  over  the 
shale.  The  sandstone  layers,  from  1  to  2  inches  thick, 
are  composed  of  typical,  rounded,  coarse  grains  of  Berea 
quartz  sand.  Some  of  them  are  ripple-marked,  and 
these  markings  are  more  abundant  in  the  coarser  layers 
in  the  lower  part  of  this  zone.  The  shaly  zone  in  gen- 
eral, as  exposed  on  the  bank  of  the  creek,  has  a  blue 
color,  and  there  are  numerous  layers  of  thin  sandstones 
from  one-fourth  to  one-half  inch  in  thickness,  which 
show  abundant  ripple-marks,  with  the  crests  from  1  to  2 
inches  apart.  Other  layers  show  excellent  examples 
of  sun-cracks  and  their  casts.  The  base  of  this  zone  is 
considered  the  base  of  the  Berea  formation  in  this 
section,  which  is  separated  by  a  disconformity  from 
the  subjacent  Bedford  formation.  This  section  was  re- 
examined  in  August,  1909,  and  at  this  time,  the  barom- 
eter gave  the  same  elevation  for  the  base  of  the  Berea 
formation  on  Big  Creek  below  the  Baumgartner 

house,  as  at  this  locality 5£      10-f 

3.  Bedford  formation.  Soft,  blue,  argillaceous  shale,  with 
some  fine-grained,  arenaceous  shale  to  thin  sandstone. 
One  layer  was  noticed  that  showed  ripple-marks; 
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but  such  markings  have  been  noticed  occasionally  in 
the  Bedford  formation  at  various  other  localities.  This 
zone  varies  from  6  to  8  inches  in  thickness  and  is  a 
remnant  of  the  upper  Bedford  shale,  which  it  resembles 
lithologically,  left  above  the  subjacent  sandstones |+  5 

2.  "Blue  stone"  zone,  the  upper  layer  of  which  was  shown  in 
the  bed  and  on  the  bank  of  the  creek,  after  a  freshet  in 
July,  1907.  It  is  a  rather  fine-grained,  compact,  bluish- 
gray  sandstone,  composed  to  a  considerable  extent  of 
fine,  white  quartz  grains.  On  the  upper  surface  of  this 
layer  are  markings  which  are  probably  worm  trails, 
although  it  is  possible  that  they  are  algae.  This  rock 
was  formerly  quarried  and  called  "blue  stone"  by  the 
quarrymen;  but  when  weathered  and  dry,  it  is  really 
light-gray  in  color.  The  top  layer  is  reported  by  Mr.  V. 
S.  Davis  as  22  inches  in  thickness,  below  which  is  a 
lithologically  similar  layer  9  inches  thick;  but  he  does 
not  know  whether  they  are  separated  by  shales  or  not. 
In  August,  1909,  1  foot  9  inches  of  the  upper  layer  was 
shown  in  the  bank  of  the  creek 2|+  4| 

1.  A  few  rods  farther  down  the  stream  than  the  "blue  stone" 
zone,  in  July,  1907,  was  shown  about  2  feet  of  soft,  ar- 
gillaceous shale,  with  some  arenaceous  shale,  and  two 
thin  sandstone  layers,  varying  from  an  inch  to  2  or  more 
in  thickness.  These  are  the  lowest  rocks  which  have 
been  seen  in  place  on  this  creek,  the  bed  rocks  for  the 
remainder  of  its  course  to  Big  Creek  being  concealed 
by  recent  deposits 2=*=  2 

There  may  be  a  question  as  to  where  the  line  of  division  between 
the  Berea  and  Bedford  formations  occurs  in  this  section;  but  it  appears 
to  the  writer  that  it  is  at  the  base  of  the  shale  zone,  No.  4, which  he  thinks 
rests  disconformably  upon  the  subjacent  shale.  The  "blue  stone" 
occurs  at  the  same  level  barometrically  as  the  lower  sandstones  on  Big 
Creek,  one-half  mile  to  the  southwest,  where  the  coarse-grained  sand 
deposits  rest  directly  on  the  second  fine-grained  sandstone.  Also 
the  readings  in  August,  1909,  taken  at  the  base  of  the  Berea  formation 
in  each  glen  were  identical.  In  the  former  locality  it  appears  to  the 
writer  that  all  the  upper  shale  of  the  Bedford  formation  was  swept  away 
while  in  Griswold  Hollow  from  6  to  8  inches  of  it  is  left  on  top  of  the  upper 
sandstone.  These  two  sections,  only  one-half  mile  apart,  seem  to  show 
that  the  upper  surface  of  the  Bedford  formation  is  uneven  because  of 
erosion  and  that  the  Berea  sandstone  rests  disconformably  upon  the 
latter.  This  opinion  is  supported  by  the  evidence  of  other  sections  in 
northeastern  Ohio  and  in  other  regions  of  the  state.  If  this  interpreta- 
tion of  the  structure  be  correct  then  at  least  61  feet  of  the  Berea  forma- 
tion is  shown  in  Griswold  Hollow.  In  August,  1909,  the  barometer 
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gave  a  difference  of  60  feet  from  the  base  of  the  Berea  formation  to  the 
top  of  the  coarse  sandstone  ledge  in  the  old  quarry  above  the  fall  with  an 
interval  of  one  hour  between  the  readings.  The  highest  wall  of  the 
quarry  perhaps  is  not  the  top  of  the  formation,  since  a  covered  interval 
occurs  in  the  creek  before  reaching  the  blackish  shale,  so  that  perhaps 
something  is  to  be  added  to  the  61  feet  in  order  to  obtain  the  complete 
thickness  of  the  formation.  On  the  Chardon-Concord  road,  about  1| 
miles  to  the  northwest,  there  is  68  feet  of  the  Berea  formation. 

On  the  northeast  bank  of  the  creek  about  opposite  the  house  of 
Mr.  Davis  the  shaly  zone,  or  No.  4  of  the  above  section,  is  well  shown 
and  after  a  small  partly  covered  interval  there  is  16?  feet  of  the  massive, 
friable  and  coarse-grained  Berea  grit,  about  the  lower  two-thirds  of 
which  belongs  in  zone  No.  5.  A  drift  bank  composed  of  clay,  sand  and 
gravel  some  feet  in  height  occurs  above  the  top  of  the  sandstone.  A 
little  farther  up  the  stream  and  on  the  opposite  side  is  a  spring.  It  is 
worthy  of  note  that  many  excellent  springs  occur  in  the  lower  portion 
of  the  Berea  sandstone  and  come  to  the  surface  either  in  this  sandstone 
or  near  its  contact  with  the  subjacent  Bedford  shale. 

On  the  western  bank  of  Jenk's  Creek  above  and  below  the  highway 
bridge,  the  following  section  of  the  upper  portion  of  the  Berea  forma- 
tion was  obtained. 


Section  of  Upper  Part  of  Berea  Formation  on  Jenk's  Creek. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

4.  Top  of  exposed  sandstone.  Zone  composed  of  coarse- 
grained, massive  sandstone  as  shown  on  the  bank  over- 
lying the  subjacent  shale  10i  17~f~ 

3.  Shale  zone,  composed  in  part  of  blue,  argillaceous  shale. 

Shown  on  bank  above  the  bridge 2  6£ 

2.  Massive,  coarse-grained  sandstone,  with  ripple-marks. 
Shown  on  bank  both  above  and  below  the  bridge,  but 
difficult  to  determine  its  exact  thickness 4=*=  4f 

1.  Shaly  zone  10  inches  thick  in  lower  part  of  bank,  just 
below  the  bridge  culvert.  Composed  of  rather 
coarse,  but  soft,  even-bedded,  argillaceous  shale.  The 
barometer  gave  this  zone  as  20  feet  lower  than  the  top 
of  the  sandstone  in  the  old  quarry |  f 

This  locality  is  evidently  the  one  referred  to  by  Read  in  the  county 
report  where  he  stated  that  "at  the  northeast  corner  of  the  township, 
the  Berea  grit  is  finely  exposed,  and  in  both  of  these  places  [the  other  is 
given  as  the  "Big  Gull"  which  is  probably  Stebbins  Gulch]  there  is  a 
large  part  of  it  which  will  make  grindstones  equal  to  the  best  made  at 
Berea."' 


'Ibid.,  p.  524. 
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In  the  highway  gutter  below  the  house  of  Mr.  Gaylord  Robinson, 
south  of  Griswold  Hollow,  are  bluish  arenaceous  shales  alternating  with 
argillaceous  ones,  the  latter  of  which  are  blue  in  color.  Some  of  the 
arenaceous  shale  tends  to  form  very  thin,  even-bedded  sandstone. 
Most  of  the  interval  beneath  this  zone  along  the  road  down  to  the  Berea 
grit  is  covered;  but  in  the  road  gutter  near  the  foot  of  the  hill  east  of 
the  creek  black  argillaceous  shale  is  shown.  From  the  zone  near  the 
Robinson  house  down  to  the  highest  outcrop  of  the  Berea  grit  is  82  feet 
according  to  the  barometer. 

The  difference  in  elevation  as  determined  by  the  barometer  between 
the  base  of  the  Sharon  conglomerate  in  Rocky  Cellar  and  the  highest 
exposures  of  the  Berea  grit  in  Griswold  Hollow  is  125  feet.  The  distance 
on  a  nearly  north  and  south  line  between  these  two  localities  is  2.8 
miles  and  as  there  is  a  southerly  dip  it  is  evident  that  the  125  feet  does 
not  represent  the  entire  thickness  of  the  Cuyahoga  terrane  for  this 
region.  The  barometer  also  gave  the  difference  in  elevation  between  the 
base  of  the  Sharon  conglomerate  on  the  highway  not  far  to  the  north  of 
North  Chardon  and  the  highest  exposures  of  the  Berea  grit  in  Griswold 
Hollow,  which  is  2J  miles  to  the  northeast,  as  125  feet. 

Hambden  Township*  —  The  central  part  of  this  township  is 
comparatively  high  ground  reaching  an  altitude  of  more  than  1,320 
feet  above  sea  level,  while  on  account  of  stream  erosion  there  is  lower 
ground  toward  the  borders,  especially  the  southern,  western  and  northern. 
The  streams  as  a  rule  have  not  cut  very  deep  or  narrow  valleys  and 
consequently  there  are  not  very  many  exposures  affording  sections  of 
of  any  considerable  thickness.  On  the  G.  M.  Hanna  farm,  2  miles 
northeast  of  Chardon  Court  House  on  the  road  to  Hambden,  a  small 
run  has  cut  a  gully  in  the  Sharon  conglomerate,  the  head  of  which  is 
nearly  east  of  Mr.  Hanna's  house  on  the  northern  side  of  the  highway. 
Most  of  the  rock  is  rather  pebbly  and  massive,  with  conspicuous  joints 
which  have  been  enlarged  by  erosion  and  in  that  manner  the  gully  has 
been  formed.  There  are  lateral  gullies  entering  the  main  one  which 
have  been  formed  by  erosion  along  the  cross-joints,  that  are  called 
caves.  At  the  upper  end  of  the  gully  is  a  small  cascade  when  there  is  a 
heavy  run-off.  The  middle  and  lower  parts  of  the  cliffs  in  their  highest 
portion  are  not  so  pebbly  as  in  the  lower;  but  there  is  considerable 
cross-bedding  in  the  middle  and  upper  parts.  The  coarse  pebbles 
in  the  lower  two-thirds  of  the  cliff  are  finely  shown  in  the  gulch  below 
the  farm  bridge,  where  many  of  them  are  of  good  size  and  some  are 
decidedly  large.  The  majority  are  composed  of  white  quartz;  but  there 
are  some  of  rose  quartz  and  other  colors.  They  are  of  various  shapes 
and  of  varying  degrees  of  smoothness.  There  are  also  occasional 
pebbles  of  dark  colored  limestone,  chert,  quartzite  and  other  rocks  as 
well  as  an  occasional  jasper  pebble.  The  barometer  indicated  a  thick- 
ness of  about  40  feet  for  the  exposed  conglomerate  in  this  gulch,  which  is  a 
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rather  attractive  small  glen.  In  its  lower  part  some  large  blocks  of  the 
conglomerate  have  broken  off  from  the  face  of  the  walls  and  fallen  into 
it.  In  1906  at  the  lower  end  of  one  of  the  ledges  the  rock  was  being 
dug  out  to  some  extent  and  hauled  to  Chardon  for  use  as  road  material 
on  the  South  Hambden  Street  hill.  It  was  the  partly  decomposed 
portion  of  the  ledge  that  was  used  for  this  purpose,  or  at  least  the  sand 
matrix  is  not  very  firm  so  that  the  rock  is  readily  pounded  into  gravel. 
Mr.  Hanna  thinks,  however,  that  the  conglomerate  hardens  on  exposure 
and  if  one  goes  back  under  the  soil  that  the  rock  is  softer  than  on  the 
exposed  ledges. 

About  1.8  miles  northeast  of  Hambden  is  a  gully  known  as  the 
"Cooks  rocks"  on  the  Fenton  farm,  which  was  called  to  the  writer's  at- 
tention by  Mr.  M.  L.  Maynard  of  Chardon.  The  gully  has  been  cut  in 
the  Sharon  conglomerate  and  the  top  of  the  upper  ledges  is  about  65  feet 
lower  according  to  the  barometer  than  the  highest  point  on  the  highway 
just  northeast  of  Hambden.  Between  15  and  20  feet  of  the  conglomerate 
is  shown,  which  in  general  is  composed  of  rather  large  pebbles,  some  of 
them  larger  than  a  hen's  egg.  White  quartz  constitutes  the  majority 
of  the  pebbles;  but  there  are  also  some  of  rose  and  smoky  quartz  and 
one  of  feldspar  was  noticed.  There  are,  however,  poorly  defined  layers 
in  the  rock  in  which  the  pebbles  are  not  abundant;  but  in  general  it 
is  very  pebbly,  as  above  stated.  Springs  occur  in  the  lower  part  of  the 
gully  at  the  base  of  the  ledge,  below  which  is  a  swale  and  perhaps  the 
base  of  the  ledge  is  near  the  base  of  the  conglomerate  in  which  case 
there  is  at  least  from  80  to  85  feet  of  the  Sharon  conglomerate  in  the 
central  part  of  Hambden  Township. 

There  is  a  rather  conspicuous  ledge  of  the  Sharon  conglomerate 
on  the  James  Wedge  farm,  2J  miles  northeast  of  Hambden,  in  which 
is  a  small  quarry  that  was  known  years  ago  as  the  Ireland.  Most 
of  the  rock  is  a  coarse-grained  sandstone,  rather  brownish  in  color; 
but  there  are  some  quartz  pebbles  which  are  more  abundant  in  the  upper 
part  of  the  ledge  than  in  the  main  part  of  the  quarry  and  ledge.  The 
bedding  is  fairly  even  so  that  it  splits  into  blocks  which  in  1906  were 
being  quarried  for  bridge  culverts.  The  base  of  the  ledge  according 
to  the  barometer  is  on  the  same  level  as  the  top  of  the  outcrop  at  "Cooks 
rocks"  and  from  the  base  to  the  top  of  the  ledge  above  the  quarry  is  22 
feet  by  hand-level.  About  1J  miles  east  of  the  Ireland  quarry  on  the 
eastern  side  of  Bates  Creek  and  in  the  northeastern  corner  of  Hambden 
Township  is  Stony  Hill  which  is  capped  by  the  Sharon  conglomerate. 

In  the  eastern  part  of  Hambden  Townsnip  in  the  valley  of  Bates 
Creek  two  oil  wells  have  been  drilled.  They  are  5J  miles  northeast  of 
Chardon  and  about  two  miles  east  of  Hambden.  The  mouth  of  one 
well  is  on  the  Joseph  Riser  farm  on  the  southern  side  of  the  highway 
near  the  creek  and  some  130  feet  lower  than  Hambden.  The  Riser 
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well  was  drilled  by  the  Knox  Stock  Company  and  finished  in  June,  1899. 
The  following  record  of  it  was  furnished  by  Mr.  C.  G.  Kiser. 


Mouth  of  well 
Quicksand 


35' 

35' 

135' 

170' 

20' 

ion  ' 

310'  ? 

500  '  ? 

1570' 

2070  ' 

398' 

2468' 

32' 

2500' 

Hard  rock 
Blackish  shale 
Oil  in  Berea  grit 

Bottom  of  Berea  grit 

Gray  sandstone,  perhaps  20  feet  thick 

Shale 

Brownish  shale  containing  oil 

Hard  limestone 

Top  of  white  sandstone 
Bottom  of  well 


The  oil-bearing  portion  of  the  sandstone  was  reported  as  rather 
porous  and  composed  of  fine  white  sand  below  which  it  changed  to  a 
darker  colored  one.  Some  gas  and  oil  were  obtained  from  the  sandstone, 
the  oil  being  confined  to  the  upper  13  feet  and  below  was  salt  water. 
Between  50  and  100  barrels  of  oil  mixed  with  salt  water  was  pumped 
out  of  the  well. 

In  the  above  record  the  hard  limestone  struck  at  a  depth  of  2,070 
feet  probably  represents  the  top  of  the  Devonian  limestone.  The  inter- 
val of  1,880  feet  from  the  base  of  the  Berea  grit  to  the  top  of  the  De- 
vonian limestone  represents  the  Bedford  formation  and  the  Devonian 
shales.  In  Stebbins  Gulch,  nearly  9  miles  to  the  west,  the  Bedford  forma- 
tion is  48  feet  thick,  and  deducting  this  there  remains  1,832  feet  for  the 
thickness  of  the  underlying  Devonian  shales.  In  the  Kenmore  well  be- 
tween Akron  and  Barberton  the  thickness  of  the  same  interval  is  1,690  feet, 
giving  a  greater  thickness  of  142  feet  in  the  Kiser  well.  The  thickness  of 
398  feet  for  the  interval  from  the  top  of  the  Devonian  limestone  to  the 
top  of  the  subjacent  sandstone  in  the  Kiser  well  agrees  closely  with  that 
of  the  same  interval  in  the  Hermitage  well  near  Little  Mountain,  where 
it  is  400  feet,  or  with  that  of  390  feet  in  well  No.  4  of  the  United  Salt 

Company  on  Madison  Avenue,  Cleveland. 

• 

In  1903  another  well  was  drilled  on  the  northern  side  of  the  road 
on  the  farm  of  Mrs.  J.  A.  Huntoon  in  this  same  valley.  The  mouth  of 
this  well  is  about  10  feet  lower  than  that  of  the  Kiser  well.  It  is  re- 
ported that  it  yielded  about  30  barrels  of  oil  the  first  day  and  could 
be  pumped  for  12  hours  at  a  time.  Later  the  casing  was  split  which 
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let  in  water  and  drowned  the  well.  The  samples  from  the  bottom  of 
the  Huntoon  well  consist  of  grains  of  black  and  white  sand. 

A  third  well  in  this  same  general  region  was  finished  in  June,  1904. 
It  is  located  on  the  L.  D.  Eaton  farm  about  one-half  mile  northeast  of 
Hambden,  near  the  Thompson  road,  and  about  55  feet  higher  than  the 
Kiser  well.  It  is  reported  that  the  Devonian  limestone  was  reached 
at  a  depth  of  more  than  2,200  feet  and  that  it  was  very  hard  in  drilling. 
The  well  was  drilled  to  a  depth  of  2,570  feet  and  the  grains  of  sand 
from  near  its  bottom  are  white  in  color  and  very  fine,  apparently  quartz 
and  indicate  a  hard  sandstone  with  rather  close  texture.  Some  gas, 
but  no  oil,  was  obtained  from  this  well. 

Bates  Creek.  Sections. — In  the  southeastern  part  of  LeRoy  Town- 
ship on  Bates  Creek,  which  is  also  called  Warners  Creek,  is  a  rocky 
gorge  where  the  stream  has  cut  through  the  Berea  grit.  Along  the  high- 
way to  the  west  of  the  gorge  and  Warner's  mill  are  occasional  exposures 
of  rocks,  especially  near  Kniffins  Corners  on  the  farm  of  G.  W.  Kniffins. 
Bluish-gray,  fine-grained  and  thin  even-bedded  sandstone  is  shown 
just  east  of  the  corners  which  weathers  to  a  buff  color.  This  outcrop 
is  in  the  Cuyahoga  terrane,  and  by  the  barometer  70  feet  lower  than 
the  base  of  the  ledge  of  Sharon  conglomerate  at  the  Ireland  quarry, 
one  and  one-half  miles  to  the  south  in  Hambden  Township.  In  the 
gutter,  five  feet  lower  by  hand-level,  is  soft  grayish  shale  like  the  Brecks- 
ville  with  an  occasional  layer  of  thin  sandstone.  Still  lower  along  the 
road  gutter  is  blackish,  very  argillaceous  shale,  lithologically  similar 
to  the  Brecksville.  A  mile  and  one-half  farther  northwest  and  above 
the  road  forks  is  a  ledge  of  coarse-grained,  iron-spotted  sandstone  which 
is  apparently  the  northern  outcrop  of  the  Berea.  At  a  higher  elevation 
in  the  gutters  along  the  road  are  first  shales  and  then  still  higher  shales 
and  sandstones. 

Below  the  outcrop  above  noted  near  Kniffins  Corners,  the  rocks 
along  the  roadside  are  mostly  covered  until  the  top  of  the  Berea  grit 
is  reached  in  Bates  Creek  above  Warner's  mill.  This  locality  is  nearly 
one-half  mile  to  the  east,  and  the  top  of  the  Berea  grit  by  the  barometer 
is  75  feet  lower  than  the  soft  shales  noted  by  the  roadside.  This  indi- 
cates a  thickness  of  150  feet  for  the  Cuyahoga  terrane  in  the  southeast- 
ern part  of  LeRoy  Township.  The  rocks  are  fairly  well  shown  along 
Bates  Creek  and  the  following  section  from  the  top  of  the  Berea  grit 
downward  was  studied. 


Total 
Thick-  thick- 


Section  on  Bates  Creek. 


No.  Feet.     Feet. 

12.  Berea  grit.  Apparently  the  highest  outcrops  of  the  forma- 
tion that  are  shown  on  the  creek  occur  on  its  eastern 
bank  above  the  mill,  fall  and  highway  bridge,  just 
below  the  old  dam.  The  highest  layers  are  thicker 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

bedded  than  those  immediately  below,  composed  of 
coarse-grained  sand,  with  an  occasional  ripple-mark. 
The  layers  also  contain  numerous  markings  like  fucoid 
stems,  but  it  seems  rather  improbable,  since  they  are 

in  this  sand,  that  they  represent  such  organisms 4|     120| 

11.  Shaly  zone  with  a  3-inch  shale  layer  at  the  top;  but  com- 
posed mainly  of  thin-bedded  sandstones,  with  a  shaly 
layer  of  argillaceous  to  arenaceous  shale  4  inches  thick 

at  the  bottom 3|     116 

10.  Thicker  bedded  sandstone,  with  some  moderately  thin 
layers,  and  numerous  ripple-marks.  The  sandstone 
much  iron-spotted 4f  112$ 

9.     Thin-bedded  sandstone  at  brink  of  fall  below  bridge,  on 

east  and  west  highway  2      107^ 

8.  In  the  upper  part  of  the  fall,  friable,  very  coarse-grained 
and  cross-bedded  sandstone;  some  of  the  layers  of  which 
are  fairly  thin-bedded.  Lower,  however,  it  is  thick- 
bedded,  and  the  best  cliffs  of  this  portion  of  the  sand- 
stone are  on  the  eastern  side  of  the  creek  below  the 
mill,  and  above  the  lower  highway  bridge,  where  a 
heavy  ledge  of  rather  fine-grained,  bluish-gray  quartz 
sandstone  occurs,  some  of  which  weathers  to  a  brownish 
or  slightly  reddish  tint.  The  barometric  measurement 
for  this  zone  is  not  satisfactory.  One  measurement 
from  the  fall,  down  the  creek,  gave  but  31  feet,  after 
deducting  the  lower  zones  of  the  formation,  which 
were  carefully  measured.  Another  one,  to  the  top  of 
the  cliff,  above  the  lower  bridge,  on  the  eastern  bank, 
gave  41  feet.  It  is  thought  that  the  upper  layers  of  this 
cliff  are  below  the  zones  described  above,  and  as  this 
measurement  agreed  better  with  a  former  one,  it 
has  been  used  for  the  thickness  of  this  zone.  There  is  an 
excellent  spring  in  this  zone  on  the  eastern  bank 
opposite  the  lower  bridge.  These  lower  zones  are 
shown  on  the  bank  of  Bates  Creek,  just  above  where 
a  run  or  eastern  branch  enters  it  a  few  rods  north- 
west of  the  highway,  and  in  the  lower  part  of  the 
run 41  105£ 

7.  On  bank  of  Bates  Creek  a  ripple-marked  sandstone, 
and  also  white  quartz  sandstone.  Highest  exposed 
layer  at  this  locality $  64? 

6.     Blue  shale,  part  ot  which  is  argillaceous.     Sun-cracks  in 

its  basal  part   §      64i 

5.     Thin-bedded,    coarse-grained,     light-gray   sandstone   like 

best  of  Berea  ...  li      63^ 

4.  Shaly  sandstone  to  shale,  which  is  blue  and  some  of  it  ar- 
gillaceous, with  thin  layers  of  sandstone  at  the  base 
which  are  composed  of  coarse,  white  quartz  sand, 
with  the  lithologic  appearance  of  typical  Berea  sand. 
The  shales  of  this  zone  form  the  bed  of  the  small  run 
at  its  mouth,  and  also  occur  on  the  bank  of  Bates  Creek 
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above  the  mouth  of  the  run,  in  which  are  splendid  ex- 
amples of  sun-cracks  that  have  been  filled  with  quartz 
sand.  Fig.  1  shows  the  appearance  of  some  of  these 
sun-cracks,  with  their  ramifications  as  shown  on  the 
gradually  sloping  bank  of  Bates  Creek  a  few  yards 
above  the  mouth  of  the  run.  There  are  large  and  long 
ones  which  look  more  like  the  filling  of  joints.  Some 
of  the  largest  ones  are  1\  inches  wide,  more  than  2  feet 
in  length,  and  of  rectangular  shape.  These  are  all 
filled  with  white  quartz  sand,  and  the  writer  is  uncer- 
tain whether  they  are  joints  that  have  been  filled  or 


Fig.  1. — Sketch  of  mud  cracks  in  lower  shaly  zone  on  Bates  Creek  southeast  of 

Painesville. 


sun-cracks.  They  are  best  shown  on  the  eastern  bank 
of  the  creek,  just  above  the  mouth  of  the  run  or  eastern 
branch  of  Bates  Creek.  Numerous  ripple-marks  also 
occur  in  the  thin  sandstones  of  this  zone,  which  are 
finely  shown  on  the  bank  of  the  small  run,  and  on  tne 
bank  of  Bates  Creek  just  above  the  mouth  of  the  run. 
When  the  water  is  low,  blue,  argillaceous  shale  of  the 
Bedford  formation  may  be  seen  under  this  zone  in  Bates 
Creek,  in  the  little  fall  at  the  mouth  of  the  run.  This 
zone  is  very  similar  to  the  one  described  at  the  base  of 
the  Berea  formation  in  Griswold  Hollow. 

In  this  section,  which  was  made  in  August,  1909,  the 
total  thickness  for  the  Berea  formation,  from  its  base  to 
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Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

the  top  of  the  outcrops  at  the  old  dam,  is  59f  feet.  Pre- 
viously, the  writer  has  stated  that  there  was  some  dif- 
ference in  the  several  readings  of  the  barometer  for  the 
Berea  of  this  section;  but  it  apparently  gave  a  thickness 
of  55  feet  for  the  continuous  massive  sandstone.  It  is 
possible  that  this  highest  exposed  sandstone  is  over- 
lain by  a  shale  zone,  and  a  higher  sandstone  one  as 
shown  on  the  branch  of  the  creek,  less  than  one-half 
mile  to  the  east,  in  which  case  the  thickness  of  these 
two  zones  is  to  be  added  to  that  of  the  underlying  sand- 
stones, in  order  to  obtain  the  complete  thickness  of  the 

Berea  formation  on  Bates  Creek 1^    62$ 

3.  Bedford  formation.  A  few  rods  farther  down  the  stream, 
on  the  eastern  bank,  is  a  ledge,  the  upper  part  of  which 
is  a  compact,  fine-grained  sandstone,  varying  in  thick- 
ness at  this  point  from  18  to  21  inches,  which  contains 
some  clay  pebbles.  The  actual  contact  with  the  Berea 
sandstone  is  not  shown,  however,  at  this  particular 
locality.  On  the  bank,  just  below  the  thick  stratum 
described  above,  is  a  foot  or  more  of  blue,  argillaceous 
and  arenaceous  shales,  below  which  are  blue,  fine- 
grained, sandstone  layers,  from  1  to  3  inches  thick,  com- 
posed partly  of  fine,  quartz  grains,  alternating  with 
blue  shale.  This  sandstone  zone  is  about  15  inches 
thick,  below  which,  to  the  creek  bed,  is  3|  feet  of  bluish, 
arenaceous  shales,  with  thin  sandstones;  but  the  sand- 
stones are  thinner  and  fewer  in  proportion  than  in  the 
superjacent  zone.  A  little  lower  in  the  bed  of  the 
creek,  is  a  blue,  very  compact  sandstone,  2|  inches 
thick,  composed  in  part  of  fine,  quartz  grains.  These 
quartz-bearing  sandstones,  however,  are  much  finer 
grained  and  more  compact  than  the  Berea  sandstones. 
In  the  bed  of  the  creek,  9£  feet  lower  than  the  base  of 
the  18+-inch  stratum,  is  a  compact,  hard  blue  sand- 
stone 3£  inches  thick,  containing  fine,  quartz  grains. 
On  the  western  bank  of  the  creek,  at  this  point,  a  sec- 
tion reaching  up  into  the  Berea  sandstone  has  been 
measured  in  detail  which  follows  the  present  one. 
Farther  down  the  creek,  and  25  feet  lower,  baromet- 
rically, than  the  15-inch  stratum  (the  section  of  this 
bank,  however,  apparently .  shows  that  the  fall  is  31 
feet),  is  a  high  bank  on  the  western  side,  reaching  down 
to  the  water  level,  where  the  upper  Bedford  and  lower 
Berea  are  clearly  shown.  The  15-18-inch  sandstone 
stratum  noted  above,  and  a  10-inch  one  2£  +  feet  higher, 
as  noted  in  section  on  western  bank  of  creek,  are  clearly 
shown  in  this  latter  cliff,  and  below  the  lower  sandstone 
is  31  feet  of  shales,  alternating  with  frequent  layers  of 
sandstone  from  1  to  3  inches  thick.  'Later,  a  detailed 
section  of  this  bank  will  be  given,  on'which  44f  feet  of 
Bedfordjis^shown^below  the^Berea.ifThe^barometer 
indicated_that  the  top_of_the  Cleveland  shale,  which 
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occurs  on  the  opposite  bank,  only  a  few  rods  below,  is 
5  feet  lower  than  the  base  of  this  cliff,  although  the 
writer  is  inclined  to  think  it  is  not  so  much.  This 
measurement,  however,  of  49f  feet,  has  been  taken  for 
the  thickness  of  the  Bedford  formation  in  this  section.  _  49f  60f 

2.  Cleveland  shale.  Tough,  black,  bituminous  shale  of  typ- 
ical lithologic  character.  Contact  with  the  Bedford 
shown  on  the  eastern  bank  at  the  edge  of  the  stream  a 
few  rods  below  the  high  bank.  At  one  place  where  the 
Bedford  contact  is  shown,  but  not  the  Chagrin,  about 
11  feet  of  the  shale  is  exposed,  and  near  the  middle  is 
a  thin,  blue,  sandstone  layer,  varying  from  one-half  to 
an  inch  in  thickness.  In  this  part  of  the  formation  there 
is  a  tendency  to  slightly  bluish,  argillaceous  and  arena- 
ceous shales,  alternating  with  black  ones,  showing  the 
coining  in  of  lithologic  characters,  that  farther  east- 
ward completely  replace  the  black  shale.  The  barom- 
eter at  one  Dreading  gave  this  interval  as  10  feet  and 
at  another  one  as  20  feet,  the  latter  apparently  the  more 
accurate 11+  11 

1.  Chagrin  formation.  Top  of  the  formation  shown  in  bed 
of  the  creek,  where  bluish  shales  and  thin  layers  of 
sandstone  occur. 

A  little  gully  on  the  steep  western  bank  of  Bates  Creek,  not  far 
below  the  eastern  one  where  the  upper  deposits  of  the  Bedford  occur 
which  have  already  been  described,  gives  a  complete  section  of  the  upper 
Bedford  and  lower  Berea.  This  is  an  important  section  since  it  shows 
the  contact  of  the  two  formations,  hence  it  is  given  in  detail. 

Section  on  Western  Bank  of  Bates  Creek. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Pt.  In. 

9.  Berea  sandstone.  In  general,  rather  mas- 
sive, buff,  fairly  coarse-grained  rock;  but 
in  part,  especially  in  the  upper  portion, 
the  layers  are  thin  and  cross-bedded. 
Ripple-marks  also  occur  in  the  thin  layers  28  46  3 

8.  Thin  layers  of  gray  sandstone,  composed  of 
coarse  grains  of  white  quartz  sand,  alter- 
nating with  blue  shale,  some  of  which  is 
soft  and  argillaceous.  There  are  sun- 
cracks  which  have  been  filled  with 
quartz  sand.  Lowest  layer  composed 
of  coarse,  quartz  sand  like  that  of  the 
Berea 1  7  18  3 

7.  Bedford  formation.  Blue,  argillaceous  and 
arenaceous  shale,  with  layers  of  thin 
sandstone,  which  are  blue,  fine-grained 
and  compact 1-6  16  8 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

6.    Compact,  blue,  hard,  fine-grained  sandstone 

stratum ..        10  15         2 

5.  Blue,  argillaceous  and  arenaceous  shale, 
alternating  with  thin  layers  of  compact, 
blue  sandstone,  varying  in  thickness 
from  a  fraction  of  an  inch  to  1|  inches, 
and  composed  of  fine,  white  quartz  sand  27  14  4 

4.  Conspicuous  stratum  of  compact,  blue,  hard 
and  fine-grained  sandstone.  This  strat- 
um varies  in  thickness  at  several  out- 
crops up  to  21  inches,  and  the  barometer 
read  the  same  as  at  the  thick  stratum  at 
the  top  of  the  bank,  farther  up  stream, 
and  on  the  opposite  side 13  11  9 

3.  Blue,  arenaceous  to  argillaceous  shale,  al- 
ternating with  blue,  compact  layers  of 
hard  sandstone,  from  a  fraction  of  an 
inch  to  6  inches  in  thickness  9  2  10  6 

2.  Blue,  compact,  sandstone  layer,  composed 

of  fine  grains  of  sand,  shown  in  bed  of 

creek 4  14 

1.    Blue,    rather    arenaceous    shale    in    creek, 

below  the  sandstone  stratum 1        __  1 

In  the  above  section  it  appears  to  the  writer  that  the  contact  be- 
between  the  Berea  sandstone  and  Bedford  formation  occurs  at  the  base 
of  zone  No.  8,  which  is  the  base  of  the  coarse-grained  deposits.  This 
zone  also  shows  sun-cracks  and  resembles  considerably  the  lower  part 
of  the  Berea  formation  as  already  described  in  Griswold  Hollow  and  on 
Big  Creek,  some  five  miles  to  the  southwest. 

This  section  on  the  bank  and  in  a  small  gully  was  beautifully  shown 
when  visited  in  September,  1906,  and  August,  1907;  but  when  visited 
in  August,  1909,  the  contact  of  the  two  formations  was  covered  by  debris. 
On  the  steep  bank,  however,  some  yards  below  this  gully  the  contact 
of  the  two  formations  was  shown.  At  this  point  it  is  difficult  to  measure 
accurately  very  much  of  the  bank,  but  the  following  zones  near  the 
contact  of  the  two  formations  were  measured  by  Mr.  Morse : 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

4.    Berea  sandstone.    Zone  of    thin,   even-bedded  sandstone 

composed  of  grains  of  white  quartz -- 

3.  Shaly  to  thin-bedded  sandstone,  the  sandstones  composed 

of  coarse  grains  of  white  quartz.  The  lower  2  or  3 
inches  appears  to  be  to  a  considerable  extent  reworked 
Bedford  shale,  mixed  with  coarse  Berea  sand,  and  also 

containing  some  small  quartz  pebbles 1|        4§ 

2.    Bedford  formation.    Zone  of  shale,  and  thin,  blue,  compact 

sandstone  _.  2         2| 
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1.  Compact,  blue,  hard,  fine-grained  sandstone  stratum,  the 
continuation  of  No.  6  in  the  section  a  little  farther  up 
the  stream,  and  the  upper  one  of  the  two  conspicuous 
sandstone  strata  near  the  top  of  the  Bedford  formation 
in  this  region  I 

On  the  eastern  side  of  the  creek  not  many  rods  above  the  steep 
bank  of  Bedford  and  Berea,  which  has  been  briefly  described  above 
and  following  this  paragraph  will  be  described  in  detail,  is  a  sharp 
small  fold  showing  two  anticlines  and  a  small  syncline.  In  the  lower 
part  of  the  bank  the  rocks  have  been  broken  about  half  way  between 
the  southern  anticline  and  syncline,  and  the  upstream  part  pushed 
over  the  lower  for  about  a  foot  making  a  reversed  fault  with  a  dis- 
placement of  about  a  foot.  In  the  photograph  of  this  bank,  Plate 
XVII,  A,  the  man's  right  hand  is  resting  on  the  lower  sandstone  which 
crosses  the  fault,  arches  up  the  bank  as  indicated  by  the  hammer  and  is 
thrust  over  the  same  layer  and  the  superjacent  shale. 

The  high  cliff  of  Bedford  and  Berea  formations  on  the  western 
bank  of  the  creek,  about  one-eighth  of  a  mile  below  the  upper  bank 
and  sections,  is  steep  and  difficult  to  measure;  but  it  was  leveled  by 
Mr.  Morse  from  the  creek  up  to  the  base  of  the  Berea  sandstone.  The 
steep  bank  of  Bedford  shale  is  continually  wet  from  the  water  that 
works  down  from  the  Berea  sandstone  so  that  it  is  slippery  and  diffi- 
cult to  climb.  This  bank  and  the  numerous  springs  along  the  Berea 
outcrops  show  that  the  formation  is  an  excellent  water  horizon. 

Section  of  High  Cliff  on  Western  Bank  of  Bates  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

8.  Berea  sandstone.  Massive  sandstone  capping  the  cliff, 

which  is  estimated  as  about  10  feet  thick 10  ±  60f 

7.  Shaly  sandstone  to  shale  at  base  of  Berea.  Some  of  the 

sandstone  layers  lenticular  in  shape f  50£ 

6.  Bedford  formation.  Shale  zone,  but  also  containing  some 
rather  thin-bedded,  compact,  fine-grained,  blue  sand- 
stones    9i  49f 

5.  Stratum  of  blue,  compact,  fine-grained  sandstone.  The 
continuation  of  the  upper  Bedford  sandstone  noted  in 
the  sections  on  the  bank  farther  up  the  creek I 

4.  Shale  interval  which  was  not  measured  on  this  bank  and 
the  thickness  of  2|  feet  is  taken  from  the  one  farther 
up  the  creek  2£  39f 

3.  Stratum  of  blue,  compact  sandstone,  which  is  the  continu- 
ation of  the  lower  one  noted  in  the  sections  on  the  bank 
farther  up  the  stream 1£  37J 
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Thick-  thick- 
ness,   ness. 
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2.  Bank  composed  mainly  of  shales  with  frequent  thin  layers 
of  sandstone  from  1  to  3  inches  in  thickness,  which  ex- 
tends to  creek  level 31-  36 

1.  Mainly  covered  interval  to  top  of  Cleveland  shale  on  oppo- 
site side  of  creek,  a  short  distance  farther  down  stream. 
Barometer  gives  5  feet  for  this  interval;  but  it  may  be 
less 5-  5 

These  sections  on  the  western  bank  of  Bates  Creek  are  very  im- 
portant in  reference  to  the  question  of  disconformity  between  the  Bed- 
ford and  Berea  formations.  The  two  sandstones  described  in  the  upper 
part  of  the  Bedford  formation  on  the  western  bank,  the  lower  one  15 
inches  thick  and  the  upper  one  10  inches  thick,  hold  the  same  relative 
position,  and  the  upper  one  is  noted  in  all  these  sections.  The  interval 
from  the  top  of  this  10-inch  sandstone  to  the  base  of  the  Berea  formation 
was  carefully  measured  in  the  three  sections.  In  the  upper  section  this 
interval  is  1  foot  6  inches,  in  the  second  one  a  few  rods  farther  down  the 
creek,  it  is  2  feet,  while  on  the  high  bank  about  one-eighth  of  a  mile 
farther  down  stream  the  thickness  of  the  interval  has  increased  to  9 
feet  3  inches.  This  increase  of  7  feet  9  inches  in  about  one-eighth  of  a 
mile  shows  conclusively  the  uneven  surface  upon  which  the  Berea  sand- 
stone was  deposited  in  this  region.  It  is  to  be  noted  that  in  all  the  sec- 
tions showing  the  contact  of  the  Bedford  and  Berea  formations  on 
Bates  Creek,  in  Griswold  Hollow,  on  Big  Creek  and  in  Stebbins  Gulch 
there  are  two  conspicuous  sandstone  strata  of  varying  thickness  near  the 
top  of  the  Bedford  formation.  It  appears  probable  that  they  are  the 
same  two  sandstone  strata  in  all  these  sections,  above  the  upper  one 
of  which  was  formerly  a  shale  and  thin  sandstone  zone  of  some  thickness 
forming  originally  the  upper  part  of  the  Bedford  formation,  a  varying 
amount  of  which  has  been  removed  by  erosion  leaving  an  uneven  surface 
upon  which  the  coarse  sands  of  the  Berea  formation  were  laid  down. 

A  small  tributary  enters  Bates  Creek  from  the  south  (eastern  side  of 
creek  in  general)  a  short  distance  below  the  steep,  high  cliff  where  the 
Bedford  and  Berea  are  both  shown.  From  the  Cleveland  shale  up  this 
gully  the  following  section  is  shown,  and  the  upper  part  of  this  run 
crosses  the  highway  just  northeast  of  the  M.  H.  Thompson  farm-house. 

Section  of  Gully  on  Eastern  Side  of  Bates  Creek. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

5.  Berea  formation.  Coarse-grained,  quartz  sandstone,  the 
lower  part  of  which  is  in  very  thin  layers,  but  composed 
of  coarse,  quartz  sand  with  some  pyrites 4£  54 J 

4.    Covered  interval,  which  is  partly  shown  farther  up  stream, 
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ness,   ness. 
No.  Feet.     Feet. 

where  shales  and  a  sandstone  stratum  8  inches  or  more 
in  thickness  were  noted.  Part  at  least  of  this  zone 
belongs  in  the  Bedford  formation I 8  49f 

3.  Sandstone  stratum,  21  inches  thick,  blue  in  color;  com- 
posed of  very  fine,  white  quartz  sand.  This  stratum  is 
composed  of  much  finer  grained  sand  than  the  sand- 
stones of  the  highest  zone,  and  in  general  is  much  bluer 
in  color.  This  is  the  same  stratum  described  in  the 
section  on  the  western  bank  farther  up  the  creek,  where 
it  is  only  15  inches  thick  If  41f 

2.  Remainder  of  the  Bedford  formation,  40  feet  barometric- 
ally   40  40 

1.     Cleveland  shale. 

The  branch  that  enters  Bates  Creek  from  the  southeast  a  few 
rods  below  the  highway  at  the  mouth  of  which  the  base  of  the  Berea 
sandstone  is  shown,  has  already  been  mentioned  under  the  description 
of  the  Bates  Creek  section.  This  stream  was  followed  for  some  distance 
and  the  following  section  was  obtained: 


Section  of  Southeast  Branch  of  Bates  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

10.  Cuyahoga  terrane.  Rather  numerous  layers  of  thin,  blue, 
laminated  sandstone,  which  are  shown  well  toward  the 
top  of  the  bank.  The  thickness  of  this  zone  was  not 
determined,  and  it  perhaps  represents  the  Sharpsville 
sandstone.  In  going  up  this  stream,  the  barometer  made 
the  thickness  of  the  interval,  from  these  sandstones 
down  to  the  top  of  the  sandstone  of  zone  No.  3,  75  feet. 
On  returning,  however,  it  gave  the  thickness  for  the 
same  interval  as  only  60  feet. 68±  219± 

9.  Blackish  shale,  with  no  indication  of  sandstones;  but  this 

interval  is  more  or  less  covered 25  151 

8.  Apparently  in  place,  the  lowest,  thin,  blue,  laminated 
sandstone.  Thickness  not  recorded;  but  it  is  only  a 
few  inches ._  126=*= 

7.  Blackish,  argillaceous  shales.  The  lower  portion  is  com- 
posed of  black,  fissile,  bituminous  shale.  The  lowest 
few  inches  contain  numerous  specimens  of  Lingula  melie 
Hall,  Orbiculoidea  herzeri  Hall  and  Clarke,  and  in  ad- 
dition a  (?)  Productella.  This  portion  of  the  shale 
corresponds  both  lithologically  and  paleontologically 
with  the  Sunbury.l 50 

6.    Berea  formation.    Upper  surface  is  very  much  pitted  from 

decomposition  of  iron  pyrites.     Fairly  massive  stratum 

of    coarse-grained,  quartz    sandstone,  which    is  blue, 

hard  and  much  iron-stained.     It  makes  the  third  fall 

19— G.  B.  15. 
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Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

in  ascending  the  stream,  and  it  is  believed  that  it  con- 
stitutes the  top  of  the  Berea  formation,  although  it  is 
much  more  firmly  consolidated  than  the  Berea  sand- 
stone in  general 2|  75^ 

5.  Shaly  zone,  composed  largely  of  arenaceous  shale,  with  a 
little  that  is  argillaceous,  and  layers  of  shaly  sandstone 
that  are  composed  of  quartz  sand.  The  latter  are  gen- 
erally blue,  thin,  irregular  lenses,  which  are  usually 
composed  of  rather  coarse  sand  similar  to  that  of  the 
Berea,  although  some  of  them  are  rather  fine-grained. 
Some  of  the  shale  is  rather  soft,  argillaceous  and  bluish- 
black  in  color 8i  73- 

4.  The  upper  surface  is  rough  and  pitted,  and  forms  the  top 
of  the  second  fall.  Thin-bedded  to  coarser  sandstone, 
and  part  of  the  layers  show  excellent  ripple-marks 5  64f 

3.  Shaly  zone,  composed  of  arenaceous  shales  to  shaly  sand- 
stones, with  argillaceous  shales  in  the  upper  part 3^2  59f 

2.     Thin-bedded  sandstones   ___ If      56f 

1.  Top  of  cascade  or  first  fall.  Thicker  bedded,  coarse- 
grained, quartz  sandstones.  The  lower  portion  of  this 
zone  is  composed  largely  of  thin-bedded  sandstones, 
with  some  cross-bedding,  and  shows  numerous  ripple- 
marks.  To  the  base  of  the  Berea  formation,  where  the 
branch  enters  Bates  Creek 55  55 

In  this  section  the  Berea  formation  was  leveled  by  Mr.  Morse 
who  obtained  75  J  feet  for  its  thickness  as  given  above.  On  ascending 
the  branch  the  barometer  gave  a  thickness,  from  the  base  of  the  Berea 
formation  to  the  top  of  the  cascade  or  first  fall,  of  55  feet  and  to  the  top 
of  the  formation  of  75  feet.  The  sandstone  in  the  upper  part  of  the 
Berea  is  dipping  down  the  stream  as  noticed  in  its  bed  and  this  perhaps 
has  increased  the  apparent  thickness  of  the  formation;  but  not  much 
since  in  this  portion  the  measurements  were  generally  obtained  on  the 
banks  in  vertical  sections.  At  another  time  the  barometer  gave  60 
feet  from  the  base  of  the  formation  up  to  the  base  of  the  shale 
zone,  No.  5.  In  each  instance,  however,  on  the  return  trip  down  the 
stream,  it  gave  but  60  feet  from  the  top  to  the  base  of  the  formation 
at  the  mouth  of  the  branch. 

There  may  be  a  question  in  the  above  section  whether  the  top 
of  the  Berea  formation  should  be  taken  at  the  top  of  No.  4  or  at  the  top 
of  No.  6.  The  evidence  upon  the  whole,  however,  seems  to  favor  the 
latter  and  the  formation  has  been  so  limited.  It  is  perhaps  possible  that 
zone  No.  5  may  correspond  to  the  Sunbury  shale  in  the  sections  farther 
west  and  the  overlying  sandstone  of  zone  No.  6  represent  the  Aurora. 
It  is  to  be  noted  that  the  upper  sandstone  (zone  No.  6)  in  this 
section  and  also  in  one  to  be  described  later  in  Phelps  Creek  at  Windsor 
Mills,  is  much  harder  than  the  normal  Berea;  still  it  is  composed  of 


PLATE  XVII. 


A. — Anticlinal  fold  and  overthrust  fault  in  Bedford   formation  on  Bates  Creek, 
southeast  of  Painesville.     See  page  271.      (Photo  by  Wm.  C.  Morse.) 


B. — Disconformity  between  Bedford  and  Berea  formations  on  Phelps  Creek,  south- 
east of  Painesville.     See  page  277.     (Photo  by  Wm.  C.  Morse.) 
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coarser  grains  of  quartz  sand  lithologically  like  those  of  the  Berea  while 
the  Aurora  and  Chardon  sandstones  are  normally  composed  of  fine, 
quartz  sand  like  that  of  the  Bedford  or  Sharpsville  sandstones.  It  is 
also  to  be  noted  that  the  surface  of  the  top  layer  of  zone  No.  4  is  rough 
like  that  generally  of  the  highest  layer  of  the  Berea  formation.  Still  the 
shale  of  zone  No.  5  does  not  at  all  resemble  that  of  the  Sunbury,  while 
the  lower  part  of  zone  No.  7  does  and  also  contains  the  Sunbury  fauna. 
It  must  be  remembered,  however,  that  this  inarticulate  Brachiopod 
fauna  continues  up  into  the  Brecksville  shale.  Still  the  massive  sand- 
stone with  pitted  upper  surface  overlain  by  black,  bituminous  shale 
containing  abundant  specimens  of  Lingula  melie  Hall  and  Orbiculoidea 
herzeri  Hall  and  Clarke  in  its  basal  inches  is  in  very  close  agreement 
with  the  usual  conditions  at  the  contact  of  the  Berea  sandstone  and 
Sunbury  shale  or  Orangeville  formation. 

Phelps  Creek  Section*  —  The  highway  crosses  Phelps  Creek 
one  mile  northeast  of  where  it  crosses  the  branch  of  Bates  Creek  which 
has  just  been  described.  Less  than  one-half  mile  below  the  bridge 
Phelps  Creek  unites  with  Bates  Creek  to  form  Paine  Creek  a  southern 
tributary  of  Grand  River. 

Section  of  Phelps  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

16.  Berea  formation.  Coarse-grained  sandstone,  some  of  it 
with  cross-bedding  and  a  considerable  portion  in  thin 
layers.  39  feet  by  the  barometer 39  121 

15.  Shale  zone,  composed  principally  of  bluish,  arenaceous 
shale,  but  with  some  that  is  even  argillaceous,  and  with 
very  thin  layers  of  arenaceous  shale  to  sandstone, 
both  containing  grains  of  quartz  sand.  The  whole 
zone  is  mainly  a  shale,  and  6+  feet  in  thickness  by 
hand-level , 6+  82 

14.  Coarse-grained  sandstone,  with  typical  appearance  of  the 
Berea;  some  of  it  shows  much  cross-bedding  and  is  fri- 
able. There  are  also  ripple-marks.  Zone  about  19  feet 
thick  by  the  barometer,  and  the  base  of  the  formation 
forms  the  upper  part  of  the  small  cascade,  and  the 
lower  layers  are  rather  thin-bedded.  Disconformity 
well  marked  at  the  base  of  the  Berea 19  76 

13.  Bedford  formation.  On  the  western  bank  of  the  creek, 
about  90  feet  below  the  cascade,  is  found,  directly 
below  the  coarse-grained  basal  deposits  of  the  Berea, 
a  stratum  of  mainly  blue,  arenaceous  shale li  57 

12.  Zone  composed  mostly  of  two  layers  of  blue,  fine-grained 
sandstone,  with  shaly  layer  in  the  middle,  varying  in 
thickness  from  9  to  10  inches t  55i 

11.    Mainly  arenaceous  shales,  with  thin  layers  of  sandstone...       1        54| 

10.  Stratum  of  compact,  blue  sandstone,  composed  largely  of 
fine  grains  of  quartz  sand.  This  stratum  forms  the 
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lower  part  of  the  small  cascade  and  the  lower  portion 
of  the  section  on  the  bank  90  feet  down  the  stream  from 
the  cascade.  It  is  thought  that  this  sandstone  occurs 
on  the  opposite  side  of  the  creek  a  few  yards  south  of 
the  old  dam,  and  not  far  above  the  highway  bridge, 
only  at  this  point  there  is  but  a  foot  of  it.  Below  it, 
on  the  bank  and  in  the  stream,  the  following  part  of 
the  section  was  obtained  to  the  base  of  the  10-inch 

sandstone  at  the  old  mill  dam 1|      53| 

9.     Shales,  with  thin  layers  of  sandstones 4        52  £ 

8.     Compact,  blue  sandstone f      48£ 

7.     Shales,  alternating  with  thin  sandstones,  and  zone  partly 

covered 10|      47$ 

6.     Compact,  bluish  sandstone,  composed  largely  of  very  fine 

quartz  grains,  which  is  shown  at  the  old  dam ^      36f 

5.  Blue  shales,  alternating  with  thin  sandstones,  but  the 
shales  predominating.  Some  of  the  blue  sandstones 
have  ripple-marks.  The  barometer  made  this  zone 
20  feet.  Some  rods  below  the  bridge  is  a  high  bank 
on  the  eastern  side  of  the  creek,  showing  the  greater 
part  of  the  Bedford  formation  and  the  lower  portion  of 
the  Berea,  a  detailed  section  of  which  will  be  given 
later 20  36 

4.  Cleveland  shale.    Upper  layer  of  black  shale,   5  inches 

thick,  which  is  shown  just  below  bend  in  creek  and  high 

bank  . h     16+ 

3.  Blue  to  blackish  sandstone  stratum,  8  inches  thick,  making 

small  cascade  in  the  creek f      15| 

2.  Black  shale,  like  typical  Cleveland,  15  feet  thick  by  ba- 
rometer   15  15 

1.  Chagrin  formation.  It  is  shown  in  bed  of  creek,  and  just 
below  is  a  5-foot  bank  of  Chagrin,  with  Cleveland  black 
shale  above.  The  Chagrin  is  composed  of  blue,  arena- 
ceous shales  and  thin  sandstones.  Some  of  the  sand- 
stones show  ripple-marks.  The  barometer  gave  a  dif- 
ference of  335  feet  from  the  top  of  the  Chagrin  in  this 
creek  down  to  the  level  of  Big  Creek,  in  Moody  Hollow, 
near  Painesville,  all  of  which  of  course  belongs  in  the 
Chagrin  formation. 

It  will  assist  in  bringing  out  more  clearly  the  very  interesting 
character  of  the  upper  beds  of  the  Bedford  formation  and  the  excellent 
examples  of  disconformity  shown  on  Phelps  Creek  if  two  of  the  short 
sections  used  more  or  less  completely  in  the  above  general  section 
are  repeated. 

Section  on  Western  Bank  about  90  Feet  Below  Cascade. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

5.  Base  of  Berea  sandstone,  which  is  rather  thin-bedded. 

4.  Bedford  formation.    Mainly  blue,  arenaceous  shale li       4f 
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3.  Zone  composed  of  thin-layered,  compact,  fine-grained, 
blue  sandstone,  with  shaly  layer  in  the  middle,  varying 
in  thickness  from  9  to  10  inches  ______________________  f  3i 

2.     Mainly  arenaceous  shales,  with  thin  layers  of  sandstone.  __       1          2? 

1.     Compact  stratum  of  blue,  fine-grained  sandstone  ----------       1|        If 

Seventy  feet  farther  up  the  creek,  on  the  same  bank,  and  a  little  be- 
low the  lowest  part  of  the  cascade  all  of  zone  No.  4  is  gone  and  the  coarse 
Berea  sandstone  rests  on  the  thin  sandstone  of  zone  No.  3.  The  base  of 
the  Berea  is  uneven  and  as  it  is  followed  along  the  bank  one  can  see 
where  a  thin  Bedford  sandstone  here  and  there  is  cut  away  or  comes 
in  again  so  that  the  thickness  of  the  interval  from  the  top  of  the  18- 
inch  sandstone  layer  to  the  base  of  the  Berea  is  only  from  16  to  17  inches 
instead  of  3J  feet  as  on  the  bank  70  feet  farther  down  the  stream.  This 
shows  that  23  inches  of  the  upper  portion  of  the  Bedford  formation 
has  been  removed  in  a  horizontal  distance  of  70  feet. 

The  18-inch  sandstone  stratum  forms  the  lowest  part  of  the  cascade 
and  on  its  eastern  (northern)  side  the  interval  from  the  top  of  this  sand- 
stone to  the  base  of  the  Berea  is  1  foot  11  inches,  while  near  the  center 
of  the  cascade  it  is  1  foot  3  inches,  showing  a  difference  of  8  inches  in 
that  short  distance.  On  the  eastern  (northern)  side  of  the  cascade 
there  is  about  1  inch  of  argillaceous  shale  with  a  3j-inch  blue,  com- 
pact sandstone  just  below.  If  these  layers  are  followed  toward  the  center 
of  the  cascade  it  can  be  seen  that  they  are  beveled  off  and  the  coarse 
Berea  sandstone  rests  on  their  cut  ends  and,  after  their  complete  dis- 
appearance, even  lower. 

The  photograph  of  this  cascade  by  Mr.  Morse  reproduced  in  Plate 
XVII,  B,  shows  the  contact  of  the  Bedford  and  Berea  formations  and 
the  disconformity  between  them.  The  paper  on  the  eastern  (northern) 
side  of  the  cascade  marks  the  3J-inch  sandstone  which  is  cut  out  (the 
edge  beveled  off)  toward  the  center  of  the  cascade.  The  hammer  above 
the  paper  marks  the  base  of  the  Berea  and  the  one  to  the  right  and  near 
the  center  of  the  cascade  indicates  the  base  of  the  Berea  where  the  3  J- 
inch  sandstone  layer  has  all  been  cut  away. 

Some  rods  farther  down  the  stream  from  the  above  sections  the 
following  one  was  measured  from  the  sandstone  stratum  at  the  old 
dam  to  the  top  of  the  eastern  bank  a  few  yards  to  the  south.  This  old 
dam  and  cliff  is  just  below  the  house  of  Mr.  Lewis  Seeds. 

Total 

Thick-  thick- 

ness.    ness. 

No.  Feet.    Feet. 


7.  Coarse  sandstone  of  Berea,  4  inches  shown  ________________  4 

6.  Layer  of  clay,  1  inch  in  thickness  ________________________         h  17i 

5.  Bedford  formation.     Blue,  compact,  fine-grained  sandstone  1  17£ 

4.  Shales,  with  thin  layers  of  sandstone  ____________________  4  16£ 

3.  Compact,  blue  sandstone  _____________________________  _'__  I  12£ 

2.  Shales,  with  thin  sandstone  layers  and  zone  partly  covered.  10£  11| 

1.  Compact  sandstone  at  old  mill  dam  _  ft 
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Zone  No.  6  of  the  above  section  is  apparently  some  reworked  ma- 
terial and  zone  No.  5  is  probably  the  continuation  of  the  18-inch  sand- 
stone noted  in  the  cascade  and  the  section  farther  down  the  stream 
(No.  1  of  that  section).  In  this  latter  section,  however,  it  is  1  foot  in 
thickness  instead  of  1  foot  6  inches  as  in  the  upper  section,  and  it  appears 
probable  that  its  upper  portion  has  been  worn  away  as  well  as  the  higher 
zones  of  the  Bedford  shown  in  the  section  farther  up  the  creek. 

As  has  been  mentioned  above  there  is  a  high  bank  on  the  eastern  side 
of  the  creek  some  rods  below  the  highway  bridge  which  shows  the  greater 
part  of  the  Bedford  formation  together  with  the  lower  portion  of  the 
Berea.  From  the  top  of  the  Cleveland  shale,  which  is  shown  in  the  bed 
as  well  as  on  the  bank  of  the  creek  only  a  short  distance  below  its  bend, 
up  the  bank  to  the  base  of  the  Berea  has  been  leveled  by  both  Mr. 
Morse  and  the  writer  at  different  times,  with  the  following  results: 

Section  of  High  Bank  on  Phelps  Creek. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet,     Feet. 

5.    Berea  sandstone.     Coarse-grained  sandstone. 

4.  Bedford  formation.  Blue  shale  was  seen  within  a  few 
inches  of  the  lowest  exposures  of  the  Berea  sandstone. 
The  zone  is  apparently  composed  of  shale  and  sand- 
stone; although  it  is  more  or  less  covered  on  that  part 
of  the  cliff  which  is  accessible  for  examination.  The 
writer  obtained  8  feet  for  the  thickness  of  this  interval, 
and  Mr.  Morse  9|  feet . 8  41 

3.  Blue,  fine-grained  sandstone,  which  is  much  shattered 
where  examined  on  the  bank;  but  looks  massive  in  the 
face  of  the  nearly  vertical  cliff 1  33 

2.  Bluish,  argillaceous  and  arenaceous  shales,  with  thin  layers 
of  sandstone,  an  occasional  one  6  inches  thick,  espe- 
cially in  the  upper  third  of  this  zone,  where  they  occur 
most  frequently.  The  steep  bank  does  not  extend 
clear  to  the  base  of  the  formation;  but  it  is  reached  a 
few  rods  farther  down  stream.  Mr.  Morse  obtained 
32  feet  for  the  thickness  of  this  zone,  while  the  writer, 
by  level,  obtained  37  feet,  and  by  barometer  35  feet. 
In  this  section,  the  lowest  measurement  is  taken  in 
order  that  there  may  be  no  question  but  that  the  thick- 
ness of  the  Bedford  formation  in  this  section  is  at  least 
as  great  as  stated 32  32 

1.     Cleveland  shale. 

The  above  section  shows  that  the  thickness  of  the  Bedford  formation 
on  Phelps  Creek,  where  at  one  locality  nearly  its  complete  thickness 
is  shown  on  an  almost  vertical  cliff,  is  at  least  41  feet,  and  perhaps  it  is 
as  much  as  46  feet  or  a  little  more.  The  similar  high  bank  on  Bates 
Creek,  three-fourths  of  a  mile  to  the  southwest,  gives  49f  feet  for  the 
thickness  of  the  Bedford  at  that  locality. 
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In  the  above  section  the  writer  is  not  certain  that  the  1-foot  sand- 
stone in  the  upper  part  of  the  Bedford  as  shown  on  the  cliff  (No.  3)  is 
identical  with  the  one  at  the  old  dam  above  the  highway  bridge  (No.  1  of 
that  section  and  10  inches  thick).  If  they  are  identical,  as  the  appearance 
seems  to  indicate,  then  these  two  sections  will  give  a  thickness  of  rather 
more  than  49  to  54  feet  for  the  Bedford  formation  on  Phelps  Creek. 
Again,  if  these  two  sandstones  just  mentioned  are  identical  then  in  the 
general  section  of  Phelps  Creek  the  20  feet  obtained  by  the  barometer 
for  the  interval  from  the  sandstone  at  the  old  mill  dam  to  the  base  of 
the  Bedford  is  too  small,  and  that  interval  should  be  considered  as 
ranging  in  thickness  from  32  to  37  feet.  If  this  change  be  made  in  that 
section  then  the  thickness  of  the  Bedford  formation  will  become  con- 
siderably greater  than  the  41  feet  there  given,  varying  from  at  least  53 
feet  up  to  58  feet  or  more. 

The  above  section  is  an  interesting  one  in  several  respects,  and  in 
review  attention  will  now  be  called  to  the  most  important  points.  The 
shale  zone  of  6  or  more  feet  below  the  middle  of  the  Berea  is  an  interest- 
ing lithologic  phase  of  this  formation,  and  recalls  the  similar  zones 
near  the  top  of  the  formation  already  described  in  Stebbins  Gulch  and 
on  the  branch  of  Bates  Creek,  about  a  mile  to  the  southwest  of  the 
present  section.  The  section,  which  is  mostly  barometric,  however, 
gives  a  thickness  of  64  feet  for  the  Berea  formation  without  reaching 
its  top. 

The  contact  between  the  Bedford  and  Berea  formations  is  very 
interesting  and  shows  conclusively  the  uneven  surface  on  which  the 
Berea  sandstone  is  deposited.  As  has  been  described,  the  shale  zone,  No. 
13  of  the  general  section,  1  foot  6  inches  in  thickness,  that  occurs 
at  one  point  on  the  western  bank  between  a  10-inch  sandstone  zone 
and  the  base  of  the  Berea,  only  70  feet  farther  up  the  creek  is  completely 
gone  so  that  the  Berea  rests  directly  on  the  sandstone  zone  of  No.  12. 
Again  in  the  small  cascade,  just  above  the  two  sections  already  mentioned 
in  this  paragraph,  the  contact  of  the  two  formations  occurs.  When 
this  is  examined  it  will  be  seen  that  near  the  eastern  (northern)  bank 
just  below  the  Berea  sandstone  is  first  an  inch  of  shale  below  which  is 
a  3J-inch  compact  sandstone.  As  the  line  of  contact  is  followed  toward 
the  center  of  the  cascade  it  will  be  seen  that  these  two  layers  are  beveled 
off  and  the  Berea  sandstone  rests  lower  and  lower  on  them  until  finally 
they  are  completely  gone  and  its  base  is  below  their  horizon.  It  appears 
to  the  writer  that  these  sections  clearly  show  a  disconformity  at  the 
contact  of  the  Bedford  and  Berea  formations. 

The  creek  also  affords  an  opportunity  for  measuring  the  complete 
thickness  of  the  Bedford  formation  which  on  the  high  cliff  below  the 
bridge  is  apparently  from  41  to  46  feet.  It  also  appears  probable  that 
farther  up  the  stream  more  of  the  upper  portion  of  the  Bedford  formation 
is  retained,  so  if  that  be  taken  for  its  upper  portion  in  this  section  then 
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the  thickness  of  the  formation  will  become  as  great  as  from  53  to  58 
feet  or  more. 

The  8-inch  stratum  of  dark  colored  sandstone  5  inches  below  the 
top  of  the  Cleveland  black  shale  is  an  interesting  lithologic  phase  in 
that  formation,  which  in  this  glen  is  some  16  feet  in  thickness. 

Section  on  Branch  of  Paine  Creek. — Paine  Creek  is  formed  by 
the  union  of  Bates  and  Phelps  creeks,  and  on  a  western  branch  of  it 
where  crossed  by  the  highway  about  1  mile  east  of  Hillhouse  postoffice, 
an  interesting  section  was  studied.  This  locality  is  in  LeRoy  Township 
about  1J  miles  northwest  of  the  bridge  over  Phelps  Creek  and  If  miles 
from  the  base  of  the  Berea  sandstone  on  Bates  Creek  where  the  east- 
ern branch  enters  it. 

The  Cleveland  black  shale  is  shown  by  the  side  of  the  highway 
on  each  side  of  this  stream;  but  the  better  exposure  is  on  the  eastern 
side  near  the  top  of  the  small  hill  on  the  highway.  The  barometer 
was  read  at  the  level  of  Big  Creek  in  Moody  Hollow  and  it  gave  the  base 
of  the  Cleveland  shale  at  this  locality  as  385  feet  higher,  all  of  which 
is  in  the  Chagrin  formation.  By  the  side  of  the  highway  to  the  east 
of  the  run  is  a  small  anticlinal  fold  where  probably  the  entire  thickness 
of  the  Cleveland  shale,  with  the  basal  part  of  the  Bedford  formation, 
is  shown.  The  section  at  this  point  is  as  follows: 

Section  on  Bank  above  Highway,  One  Mile  East  of  Hillhouse. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

9.  Bedford  formation.  As  weathered,  buff,  argillaceous 
and  arenaceous  shale,  with  two  layers  of  thin  sand- 
stone, the  lower  one  an  inch,  the  upper  2  inches  or 
more  in  thickness.  In  the  very  base  of  the  shale 

are  fossils  as  Camarotcechia 2£          2l£ 

8.     Cleveland  formation.     Black,  bituminous  shale  about 

an  inch  in  thickness  at  the  very  top ra±     19— 

7.     Fine-grained,    dark   gray   to   blackish   sandstone,    1\ 

inches  thick &+     18t  + 

6.     Black,  bituminous  shale,  with  numerous  specimens  of 

Lingula  «          18j 

5.     Bluish  to  buff,  argillaceous  shale 4          18  ra 

4.    Black,  bituminous  shale   i          17f 

3.    Gray,  argillaceous  shale  \          17£ 

2.  Black,  bituminous  shale,  as  shown  on  the  bank,  with 
an  occasional  somewhat  sandy  layer.  Probably 

the  base  of  the  Cleveland  shale 15|          17 

1.  In  the  road  gutter,  bluish  to  gray,  softer  shale  than 
above,  with  some  bands  that  are  black,  tough,  and 
bituminous 1?  U 

In  the  above  section  the  Cleveland  shale  has  a  thickness  of  about 
17J  feet  while  on  Phelps  Creek  about  1J  miles  to  the  southeast  16  + 
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feet  was  obtained.  It  is  also  interesting  to  note  a  sandstone  stratum 
almost  at  the  top  of  the  formation  in  both  of  these  sections.  In  the 
latter  one  with  a  thickness  of  7J  inches  with  only  1  inch  of  black,  bitumin- 
ous shale  above  and  on  Phelps  Creek  a  similar  sandstone  layer  8  inches 
thick  with  5  inches  of  black  shale  above. 

Another  section  in  a  small  gully  below  the  highway  at  this  same  lo- 
cality was  also  measured  in  which  the  top  of  the  Cleveland  shale  is  not 
shown,  the  exposures  ceasing  before  reaching  the  sandstone  stratum 
almost  at  its  top. 

Section  on  Bank  below  Highway  One  Mile  East  of  Hillhouse. 

Total 

Thick-  thick- 
ness,   r.ess. 
No.  Feet.     Feet. 

14.  Cleveland  formation.  Softer  shale  than  that  below,  3 
inches  of  which  is  shown  at  the  top  of  the  section. 
This  zone  probably  corresponds  to  the  6-inch  one  of 
gray,  argillaceous  shale  (No.  3)  in  the  section 

above  the  highway |          37  — 

13.     Blackshale  If          36§ 

12.     Sandy  layer i          34t 

11.     Black,  bituminous  shale   .     11  34§ 

10.     Blue,  thin  sandstone,  with  blue  shale  in  the  middle I          23§ 

9.     Black  shale,  about  5  inches  shown A        23 

8.     Bluish-gray,    sandy    shale,    from    one-half    to   three- 
fourths  of  an  inch  shown re        22  ra- 

7.     Black,  compact,  bituminous  shale 1%          22£ 

6.     Chagrin    formation.  •  Bluish,     arenaceous    shale,    5? 

inches  thick A+     21  — 

5.     Bluish,  shaly  sandstone ?±      20| 

4.     Bluish,  arenaceous  shales,  with  fossils  as  Camarotoechia      li          20| 

3.     Bluish,  shaly  sandstone ^          19^2 

2.     Partly  covered  slope  from  gully  to  stream 17f          18 A 

1.     Bluish  sandstone  in  run  at  foot  of  hill  _.  I  t 


In  the  above  section  the  top  of  the  Cleveland  formation  is  not 
shown;  but  if  the  opinion  be  correct  that  its  highest  zone  (No.  14)  cor- 
responds to  zone  No.  3  of  the  section  above  the  highway,  and  the  thick- 
ness of  the  overlying  zones  be  added  to  the  15  feet  11  inches  shown  in 
it,  then  the  thickness  of  the  formation  will  be  17f  feet.  The  Cleveland 
shale  is  shown  on  the  upper  part  of  the  bank  for  some  rods  down  stream ; 
but  its  limits  are  not  sharply  defined,  especially  the  upper  one. 

Madison  Township, — The  Grand  River  flows  across  the  southern 
part  of  Madison  Township  in  a  nearly  westerly  course.  About  two 
miles  south  of  Madison  Village  is  an  iron  highway  bridge  across  the 
river  near  the  Grand  River  Mill.  Above  the  bridge  is  a  steep  bank 
of  the  Chagrin  shale,  perhaps  80  feet  high.  The  rocks  are  mainly 
bluish  to  grayish  argillaceous  shales;  but  with  some  arenaceous  layers 
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which  weather  to  a  brownish  or  rusty  color.  There  are  also  layers  of  thin 
grayish  to  bluish-gray  sandstone,  some  of  which  show  numerous  marks 
which  have  generally  been  regarded  as  of  fucoidal  origin  although  per- 
haps they  were  made  by  marine  worms,  and  in  addition  there  are  layers 
that  are  somewhat  calcareous.  The  rocks  contain  a  few  fossils  which 
are  apparently  mainly  confined  to  the  arenaceous  shales,  although 
occasionally  one  is  found  in  the  thin  sandstones.  The  only  species 
noted  are  Liorhynchus  ohioense  (?)  which  possibly  are  young  specimens 
of  L.  mesicostale;  but  they  appear  to  the  writer  to  be  small  and  probably 
young  specimens  of  the  new  species  described  from  this  formation. 
A  broken  specimen  of  L.  globuliforme  Van.  var.  chagrinanum,  which  is 
common  in  certain  outcrops  south  of  this  locality  toward  Thompson, 
and  very  poorly  preserved  specimens  of  (?)  Glossites  sp.  or  perhaps 
Modiomorpha  sp.  were  found.  The  dip  at  this  locality  along  a  line 
S.  30°  E.  is  2J  feet  in  a  horizontal  distance  of  180  feet,  or  1  foot  in  72, 
which  is  at  the  rate  of  73  feet  per  mile.  A  little  below  the  bridge  is 
another  shale  bank  apparently  more  than  100  feet  in  height. 

In  the  gutter  by  the  roadside  on  the  highway  from  Madison  to 
Thompson  Ledge,  just  below  the  house  of  Mr.  Stearns,  3  miles  south 
of  Madison  are  blocks  of  shaly  sandstone  which  contain  a  considerable 
number  of  fossils.  The  sandstone  is  grayish  weathering  to  a  rusty 
color  and  occurring  in  blocks  which  split  in  to  somewhat  shaly  layers.  Part 
of  the  blocks  contain  numerous  specimens  of  two  or  three  species  and 
the  fossils  are  as  abundant  as  in  some  of  the  New  York  Chemung  sand- 
stones. The  number  of  species,  however,  is  not  large,  as  will  be  seen 
from  the  accompanying  list;  but  it  is  one  of  the  best  localities  for  collect- 
ing in  the  Chagrin  formation  that  was  noted  in  Lake  and  Geauga 
counties.  The  barometer,  with  an  interval  of  1  hour  and  10  minutes 
between  the  readings,  made  this  locality  305  feet  higher  than  the  bed 
of  Grand  River  at  the  iron  bridge,  one  mile  to  the  north,  and  it  is  appar- 
ently near  the  top  of  the  Chagrin  formation.  The  following  species 
were  collected  at  this  locality : 

1.  Spirifer  disjunctus  Sowb. . (c) 

Compared  with  authentic  specimens  of  this  species  at  Cornell 
University. 

2.  Cyrtia  alta  Hall (c) 

These  specimens  were  compared  with  others  at  Cornell  Uni- 
versity, from  Sherman,  Chautauqua  County,  N.Y.,  which 
had  been  identified  as  this  species  by  Professor  Williams. 
The  Sherman  specimens  of  this  species  were  associated 
with  a  good  many  other  specimens  of  Spirifer  disjunctus 
Sowb.,  which  had  also  been  identified  by  Professor 
Williams,  and  Camarotoechias.  Some  of  the  Sherman 
specimens  of  C.  alta  have  strong  horizontal  ridges  and 
furrows  on  the  hinge  area  of  the  ventral  valve,  as  is  faintly 
shown  on  these  Ohio  specimens;  but  the  vertical  lines  are 
better  shown  on  the  latter.  A  few  of  the  Ohio  specimens 
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show  the  grooves  in  the  margins  of  the  deltidial  fissure 
as  described  by  Hall.  Specimens  from  Meadville,  Pa., 
the  locality  from  which  the  types  described  by  Hall 
came,  are  practically  identical  with  those  south  of 
Madison,  Ohio. 

At  the  New  York  State  Museum,  the  two  original 
specimens  represented  by  figs.  6-8,  on  pi.  43,  Vol.  IV, 
Pal.  N.  Y.,  were  studied,  which  show  the  cardinal  area 
of  the  ventral  valve,  and  there  is  no  particular  difference 
between  them  and  similar  specimens  from  this  locality. 
This  is  especially  true  of  a  specimen  from  this  road 
showing  the  groove  on  each  side  of  the  deltidial 
fissure,  and  the  Ohio  specimens  have  fully  as  high 
hinge  area  as  any  of  the  types  from  Meadville,  Pa.  The 
original  of  fig.  2,  pi.  43,  is  also  in  the  State  Museum, 
which  is  a  dorsal  valve  that  shows  obscure  plications  on 
the  fold.  The  Ohio  specimens  agree  closely  in  all  essen- 
tial characters  with  the  type  ones  of  this  species,  and 
there  is  no  question  as  to  the  correctness  of  this  identi- 
fication. Most  of  the  Meadville  type  specimens  are  in 
blocks  of  brownish,  weathered  sandstone,  which  con- 
tain large  numbers  of  fossils.  There  are,  however,  only 
a  few  species  which  are  mainly: 
Cyrtia  alta  Hall 
Spirifer  disjunctus  Sowb. 
Athyris  sp. 

Schuchertella  chemungensis  (Con.)  Girty 
Reticularia  prsematura  (Hall)  Schuchert 
Hall  reported  the  types  of  this  species  as  from  the 
Chemung  of  Meadville,  Pa.,  and  Schuchert,  in  1890,  gave 
it  as  from  the  Chemung  of  Meadville  and  Union  City, 
etc.,  Pa.,  and  "top  of  the  Erie  shale  at  Bedford,  Ohio, 
associated  with  Spirifer  disjunctus"1  In  this  paper 
it  is  referred  to  the  genus  Syringothyris]  but  in  1897, 
Professor  Schuchert  followed  Hall  and  Clarke,  who  had 
referred  it  to  the  genus  Cyrtia*,  although  he  gave  its  geo- 
logical horizon  as  the  Waverly,  an  opinion  that  has  been 
accepted  by  Grabau  and  Shimer.3  Specimens  in  the 
National  Museum  (No.  33,639)  from  the  Chemung,  near 
Union  City,  Pa.,  are  labeled  as  this  species.  If  there  is 
any  question  concerning  the  age  of  the  beds  near  Mead-  - 
ville,  Pa.,  that  have  been  referred  to  the  Chemung  by 
Professors  Hall  and  I.  C.  White,  such  query  cannot  be 
raised  concerning  those  of  Sherman,  Chautauqua  County, 
N.Y.,  which  are  in  the  typical  Chemung  of  southwestern 
New  York.  The  evidence,  in  the  writer's  judgment, 
supports  the  opinion  that  this  species  is  a  Chemung, 
rather  than  a  Waverly  one. 

3.     Camarotcechia  orbicularis  Hall   (a) 

These  specimens  have  the  orbicular  shape  of  this  species,  18 
to  22  plications,  with  4  on  the  mesial  fold  and  3  or  4  in  the 


'Ninth  Ann.  Kept.  State  Geologist  [N.  Y.].  p.  36. 
2Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  196. 
3North  Am.  Index  Fossils,  Vol.  I,  1907,  p.  314. 
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sinus.  The  Ohio  specimens  were  compared  with  types 
of  this  species  in  the  New  York  State  Museum.  The 
original  of  fig.  40,  pi.  55,  Vol.  IV,  Pal.  N.  Y.,  from  Mead- 
ville,  Pa.,  is  a  dorsal  valve,  which  is  much  more  gibbous 
(thicker)  than  the  figure  indicates.  This  specimen  has 
4  strong  plications  on  the  fold,  with  a  fainter  one  on  the 
right  side,  while  on  the  left  side  are  8  distinct  plications, 
with  a  faint  one  toward  the  margin.  The  type  specimen 
of  a  dorsal  valve  from  Olean,  N.  Y.  (fig.  41,  pi.  55),  has 

4  strong  plications  on  the  medial  fold  and  6  on  each 
side,  or  16  in  all,  as  is  very  well  shown  on  the  figure.     The 
original  of  fig.  46,  which  is  from  Meadville,  Pa.,  has  only 
6  plications  on  each  side.     A  ventral  valve  on  the  same 
block  has  3  strong  plications  in  the  sinus,  1  on  each  side 
intermediate  between  the  sinus  and  lateral  margin,  and 

5  on  each  margin,  making  15  in  all.     Another  dorsal  valve 
from  Meadville  has  4  plications  on  the  fold  and  6  or  7  on 
each  side,  making  16  or  18  in  all.     Hall's  statement  that 
this  species  is  marked  by  about  24  or  more  ribs,  appears  to 
call  for  too  many.     A  dorsal  valve  from  the  Madison  road 
has  4  strong  plications  on  the  median  fold,  with  1  faint 
one  on  the  right  side  and  8  plications  on  each  side,  mak- 
ing 21  in  all.      This  specimen  is  very  similar  to  the  type 
from  Meadville,  Pa.  (fig.  40  of  pi.  55),  except  that  it  is 
not  so  gibbous.      This  Meadville  specimen  is  ft  inches 
in  length  and  ||  inches  in  width;  while  the  Madison  road 
one  is  H  inches  long  and  if  inches  wide.      The  strength 
or  coarseness  of  the  plications  is  about  the  same  on  the 
Ohio  specimens  and  those  from  Meadville  and  the  simi- 
larity of  the  dorsal  valves  is  very  marked.      The  plica- 
tions on  most  of  the  Ohio  specimens  are  rounded  and  in 
general  there  does  not  appear  to  be  more  than  20  clearly 
defined  ones  on  either  of  those  from  Meadville  or  Ohio. 

In  the  American  Museum  are  the  originals  of  figs. 
43-45  of  pi.  55;  figs.  43  and  44  are  internal  impressions 
from  Meadville,  Pa.,  and  fig.  45  represents  an  internal 
impression  of  a  dorsal  valve  from  near  Howard,  Chau- 
tauqua  County,  N.Y.  This  latter  specimen  has  a  median 
septum,  4  plications  on  the  fold  and  9  on  the  right  side, 
with  an  additional  faint  one  near  the  cardinal  margin. 
The  left  side  is  not  so  well  preserved  and  shows  only  8 
plications.  The  drawing  is  not  very  accurate  so  far  as 
the  number  of  plications  is  coacerned.  The  two  Mead- 
ville specimens  show  4  plications  on  the  fold,  3  in  the 
sinus  of  the  original  of  fig.  43,  3  distinct  ones  with  an 
additional  one  on  the  side  of  the  sinus  of  the  specimen 
represented  by  fig.  44,  and  with  6  or  7  between  the  fold 
or  sinus  and  lateral  margin.  There  appears  to  be 
no  question  concerning  the  identification  of  the 
Ohio  forms  with  this  species.  Associated  with 
the  type  specimen  of  this  species  at  Olean,  N. 
Y.,  are  numerous  specimens  of  Spirifer  disjunctus 
Sowb.,  and  with  the  Meadville  types  numer- 
ous ones  of  S.  disjunctus  Sowb.,  together  with 
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others  of  Atrypa  spinosa  Hall  (?)  and  Orthis  sp.  The 
National  Museum  contains  specimens  from  LeBoeuf, 
Pa.  (No.  16,732),  labeled  Camarotcechia  orbicularis 
Hall,  Chemung,  which  are  very  similar  to  some  of  the 
Ohio  ones.  Others,  so  labeled  (No.  33,637),  are  from  4 
miles  northwest  of  Union  City,  Pa.  This  species  is  given 
by  Professor  Schuchert  as  only  in  the  Chemung  and  the 
localities  mentioned  are  Chautauqua  County,  N.  Y.,  and 
Meadville,  Pa.,1  and  Hall's  statement  was  that  it  is  found 
in  the  higher  beds  of  the  Chemung  at  the  above  named 
localities. 

4.  Camarotoechia  stephani  Hall (rr) 

There  are  two  specimens  from  this  locality  that  agree  closely 
with  some  of  the  types  of  this  species  which  are  in  the 
American  Museum,  and  also  with  specimens  in  the  same 
museum  from  Meadville,  Pa.,  which  were  so  identified 
by  Hall. 

5.  Liorhynchus  globuliforme  Van.  var.  chagrinanum  n.  var. (a) 

Specimens  of  this  species  have  probably  been  reported  in 
Ohio  lists  of  fossils  as  L.  mesicostale  Hall.  The  speci- 
mens are  gibbous,  medial  fold  and  sinus  marked  by 
rather  coarse  and  generally  rounded  plications  of  which 
there  are  3-5  in  the  sinus  and  4-6  on  the  fold,  with  faint 
ones  on  the  lateral  slopes.  An  average  specimen  is  25.8 
mm.  long  and  24.4  mm.  wide.  A  specimen  somewhat 
crushed  along  the  sides  is  23.5  mm.  long,  19  mm.  wide 
and  20  mm.  thick.  A  broad  and  large  one  is  30  mm.  long 
and  29  mm.  wide,  while  another,  which  does  not  show  the 
entire  length,  is  22  mm.  long  and  25  mm.  wide.  The 
figure  (24,  pi.  57,  Vol.  IV,  Pal.,  N.Y.)  of  a  narrow  form  of 
L.  mesicostale  Hall  is  28.4  mm.  long  and  27.2  mm.  wide; 
while  a  broad  form  (fig.  23)  is  25.7  mm.  long  and  33.5  mm. 
wide,  and  fig.  20,  which  is  said  to  be  a  large  individual, 
is  14.4  mm.  thick.  Figure  26  of  L.  globuliforme  Van.,  ip 
21.8  *nm.  long  and  21.7  mm.  wide  (having  almost  identi- 
cal length  and  breadth);  while  fig.  27  is  24.1  mm.  long 
and  21.2  mm.  wide.  Figure  28  gives  a  side  view  of  one 
valve  of  this  latter  species  which  is  23.8  mm.  long  and 
10.3  mm.  thick,  indicating  a  thickness  of  20.6  mm.  for 
the  entire  shell.  In  proportions  there  is  not  a  very 
marked  difference  between  the  narrow  form  of  L.  mes- 
icostale and  L.  globuliforme,  except  in  the  thickness,  and 
in  this  the  Ohio  specimens  agree  with  L.  gldbuliforme. 
In  general  the  other  proportions  of  most  specimens  are 
fully  as  near  or  nearer  those  of  L.  globuliforme. 

These  specimens  were  compared  with  authentic  ones 
of  L.  mesicostale  from  the  Ithaca  formation  at  Ithaca, 
in  the  Cornell  collection,  and  a  somewhat  general  agree- 
ment noted.  The  Ithaca  specimens,  as  a  rule,  are  badly 
crushed,  and  are  rather  flat,  while  the  Ohio  ones  are 
strongly  gibbous.  The  4-6  strong  plications  on  the  me- 
dial part  of  the  shells,  and  their  general  absence  on  the 


'Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  167. 
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sides,  were  in  agreement.  Specimens  from  Port 
Crane,  N.  Y.,  identified  by  Professor  Williams  as  L. 
globuliforme,  appeared  to  be  narrower  in  proportion  to 
their  length  than  these  from  Ohio.  Still  Professor  Wil- 
liams said  that  the  Ohio  specimens  suggest  L.  globuli- 
forme, although  they  differ  in  some  respects. 

The  originals  of  figs.  27  and  29,  pi.  57,  Vol.  IV,  Pal. 
N.  Y.,  are  in  the  New  York  State  Museum,  and  the  Ohio 
specimens  resemble  them  in  narrowness,  although  some 
of  them  are  about,  or  fully,  as  broad  as  narrow  specimens 
of  L,  mesacostale,  and  they  have  rather  more  plications 
than  L.  globuliforme. 

The  original  of  fig.  26,  pi.  57  of  L.  globuliforme  from 
Cortland  County,  N.  Y.,  is  in  the  American  Museum  (No. 
££&£),  which  has  5  rather  broad  plications  on  the  fold, 
with  2  or  3  rather  indistinct  ones  on  the  sides.  The  Mad- 
ison road  specimens  agree  more  closely  with  this  type 
specimen  than  with  the  originals  of  figs.  23  and  25  of  L. 
mesicostale,  probably  from  Tompkins  County,  N.  Y., 
which  are  also  in  the  American  Museum.  These  gibbous 
Ohio  specimens  were  examined  by  Professor  Whitfield  who 
considered  them  as  L.  globuliforme.  He  could  not  see 
a  median  septum  on  the  Ohio  forms;  but  it  appears  to  the 
writer  that  certain  specimens  show  a  distinct  one.  There 
are,  however,  some  rather  slight  differences  between 
these  and  the  type  of  L.  globuliforme.  Consequently, 
the  Ohio  specimens  have  been  given  a  varietal  name  re- 
ferring to  their  occurrence  in  the  Chagrin  formation. 
This  species  was  given  by  Hall  as  in  the  Chemung  in  the 
southern  part  of  Otsego  County,  and  elsewhere  in  south- 
eastern New  York.  In  Vol.  VIII,  pt.  II,  Pal.  N.  Y., 
pi.  59,  explanation  of  fig.  23  of  this  species,  that  specimen 
is  given  as  from  the  Hamilton  of  Otsego  County,  N.  Y., 
but  the  name  of  the  formation  is  perhaps  in  error,  and 
the  specimen  of  fig.  25  is  reported  as  from  the  Black 
shale (Genesee  shales)  of  Lexington,  Indiana. 
6.  Athyris  polita  Hall . (r) 

Thompson  Ledge  and  Vicinity.  —  Thompson  Ledge  is  a  con- 
spicuous outcrop  of  the  Sharon  conglomerate  near  the  central  part  of 
Thompson  Township.  It  underlies  this  portion  of  the  township,  which 
reaches  an  altitude  of  1,300  feet  above  sea  level,  and  the  ledge  is  the 
most  northern  outcrop  of  the  Sharon  conglomerate  in  the  State.  From 
the  central  part  of  the  township  which  forms  a  small  plateau  there  is  a 
rapid  slope  to  the  west,  north  and  east.  From  the  northern  end  of  the 
ledge  and  plateau  there  is  a  beautiful  view  of  the  country  sloping  toward 
Lake  Erie,  which  on  a  clear  day  is  faintly  visible  some  ten  miles  away. 
The  view  is  one  of  the  best  to  be  found  in  northern  Ohio  and  for  many 
years  it  has  been  a  popular  resort  for  picnics  and  excursions.  Its  distance 
of  six  miles  or  more,  however,  from  the  nearest  steam  or  electric  road 
prevents  many  people  from  visiting  it. 
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The  top  of  the  ledge  according  to  the  barometer  is  some  620  feet 
higher  than  the  bed  of  the  Grand  River  at  the  iron  bridge  on  the  Madison- 
Thompson  highway,  but  on  the  topographic  map  it  is  apparently  580 
feet.  The  cliff  in  the  vicinity  of  the  Devil's  Lane  is  38  feet  high  and 
at  another  place  48  feet  of  conglomerate  is  shown  in  the  ledge.  A  resi- 
dent of  that  neighborhood  told  the  writer  that  he  thought  there  was  about 
20  feet  more  of  the  conglomerate  below  the  base  of  the  ledge.  A  well 
was  sunk  by  Patrick  Sullivan  on  the  plateau  which  went  to  a  depth  of 
63  feet  without  reaching  the  bottom  of  the  conglomerate.  The  owner  of 
the  Ledge  House  told  the  writer  that  the  well  on  top  of  the  conglomerate 
a  few  yards  back  of  the  hotel,  which  furnishes  excellent  water,  is  50  feet 
deep  and  that  wells  on  the  plateau  show  that  the  conglomerate  is  about 
80  feet  thick.  The  conglomerate  is  finely  shown  in  the  ledge  and  at 
various  places  on  the  plateau  near  Thompson,  so  that  this  is  an  excellent 
locality  for  studying  it.  The  cliff  near  this  lane  shows  38  feet  of  the 
conglomerate,  which  is  very  pebbly,  the  abundant  pebbles  extending 
from  the  very  bottom  to  the  top  of  the  ledge.  The  face  of  the  cliff 
also  shows  excellent  examples  of  cross-bedding  and  differential  weathering 
as  may  be  seen  in  Plate  XVIII,  where  a  portion  of  the  face  of  the  ledge 
is  shown.  Farther  along  in  the  same  zone  the  oblique  layers  of  pebbles 
are  less  inclined  and  finally  they  become  horizontal.  The  cross-bedded 
zone  is  limited  above  and  below  by  horizontally  bedded  zones  and  its 
thickness  varies  a  little;  but  the  average  is  about  5J  feet.  The  con- 
spicuous pebbles  do  not  run  all  the  way  through  the  conglomerate, 
but  occur  more  or  less  in  zones.  Toward  the  upper  part  of  the  cliff 
the  pebbles  are  very  thick.  Portions  of  the  face  of  the  cliff  are  roughened 
and  pitted*  as  shown  in  Plate  XVIII,  apparently  caused  by  unequal 
hardness  of  the  cementing  material;  this  is  an  example  of  differential 
weathering.  The  pebbles  are  practically  all  quartz,  mostly  white; 
but  with  an  occasional  one  of  rose  color  and  also  of  smoky  quartz. 
Where  these  pebbles  in  such  large  quantities  came  from  is  a  problem, 
since  there  are  none  of  the  older  formations,  at  least  within  easy  distance 
of  this  one,  that  could  have  furnished  them.  There  are  occasional 
conspicuous  joints  in  the  cliff,  one  of  which  known  as  the  Devil's  Lane 
and  shown  in  Plate  XIX,  affords  a  means  of  passage  from  the  bottom 
to  the  top  of  the  cliff.  The  dip  on  some  layers  is  in  about  the  direction 
of  S.  10°  W.;  but  it  varies  greatly.  The  conglomerate  has  been  quarried 
in  a  rather  small  way  in  some  parts  of  the  ledge  and  used  mainly  for 
bridge  abutments. 

To  the  west  of  Thompson  and  the  Telephone  road  the  conglomerate 
is  not  so  pebbly  as  in  the  main  ledge  described  above.  The  outcrops 
show  a  coarse-grained  sandstone  containing  an  occasional  pebble.  These 
outcrops  are  in  the  lower  part  of  the  conglomerate  and  not  improbably 
are  stratigraphically  lower  than  those  seen  in  the  main  ledge  to  the  east. 
Excellent  glacial  striae  are  seen  by  the  side  of  the  road  just  north  of 
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Thompson.     The  most  conspicuous  set  of  striae  run  N.  48°    E.    and 
lighter  ones  N.  18°  E. 

On  the  Telephone  road  from  Thompson  to  Madison  are  occasional 
outcrops  of  rocks.  At  one  locality  but  a  short  distance  above  the  lane 
leading  to  the  house  of  A.  L.  Williams,  and  barometrically  290  feet  higher 
than  the  bed  of  the  Grand  River  at  the  iron  bridge,  is  a  zone  of  shaly 
sands  cone.  The  sandstones  are  thin,  rather  irregular  and  of  grayish  to 
greenish-gray  color.  Below  them  are  grayish  and  greenish  argillaceous 
shales  with  some  bands  that  are  very  rusty  when  weathered.  Some  of 
the  thicker  and  smoother  layers  of  the  thin-bedded,  greenish-gray  sand- 
stones have  ripple-marks.  The  sandstones  are  rather  fossiliferous, 
containing  numerous  specimens  of  Spirifer  disjunctus  Sowb.,  Cama- 
rotcechia  orbicularis  Hall  and  Liorhynchus  globuliforme  Van.  var.  cha- 
grinanum.  These  rocks  all  came  from  the  gutters  by  the  roadside 
between  the  mail  boxes  for  A.  L.  and  C.  A.  Williams.  The  zone  appar- 
ently corresponds  with  the  one  described  on  the  Thompson  road  to 
the  east  and  belongs  in  the  upper  part  of  the  Chagrin  formation.  The 
complete  list  of  fossils  collected  at  this  locality  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Camarotcechia  orbicularis  Hall   (c) 

Specimens  from  this  locality  were  compared  with  types  of 
this  species  in  both  the  New  York  State  and  American 
Museums.  In  number  of  plications  they  agree  well  with 
the  original  of  fig.  41,  pi.  55,  Vol.  IV,  Pal.  N.  Y.,  from 
Olean,  N.  Y.,  which  is  in  the  State  Museum.  This  speci- 
men has  4  plications  on  the  fold  and  6  on  each  side;  while 
a  specimen  on  the  same  block  with  the  original  of  fig.  46, 
from  Meadville,  Pa.,  has  4  on  the  fold  and  7  or  8  on  each 
side.  These  type  specimens,  however,  are  more  gibbous 
than  those  from  this  locality  which  are  in  part  from  are- 
nacous  shales  or  shaly  sandstones  and  probably  are  some- 
what flattened  by  pressure.  The  specimens  from  this 
locality  are  rather  smaller  than  the  majority  of  this 
species,  although  not  smaller  than  the  originals  of  figs. 
43  and  44  of  pi.  55,  which  are  in  the  American  Museum. 
The  largest  from  this  locality  certainly  appear  to  belong 
to  this  species;  but  associated  with  them  are  smaller 
ones,  whose  specific  reference  is  more  uncertain. 

3.  Camarotcechia  stephani  Hall (r) 

These  specimens  are  rather  elongate,  and  one  has  3  plications 
in  the  sinus  and  7  on  the  side.  This  specimen  agrees 
fairly  closely  with  the  original  of  fig.  10,  pi.  55,  Vol.  IV, 
Pal.  N.  Y.,  from  Cortland  County,  N.  Y.,  which  is  in  the 
American  Museum.  This  type  is  an  internal  impression 
of  a  ventral  valve,  which  has  3  rather  broad  plications 
in  the  sinus,  with  about  9  on  the  right  side.  The  left  side 
is  covered,  although  it  is  not  so  shown  in  the  figure.  This 
specimen  is  more  angular  than  type  specimens  of  C.  ex- 
imia  Hall  from  Ithaca  of  about  the  same  size  and  the 
plications  are  slightly  broader.  The  differences,  how- 
ever, between  the  types  of  the  two  species  are  rather 
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slight,  and  one  might  easily  doubt  to  which  one  small 
and  imperfect  forms  would  better  be  referred.  There 
are  specimens  in  the  American  Museum  from  Meadville, 
Pa.,  identified  by  Hall  as  C.  stephani,  that  are  associated 
on  the  same  blocks  with  others  of  Spirifer  disjunctus 
Sowb.  These  specimens  have  3  plications  in  the  sinus  and 
from  5  to  8  on  each  side.  Another  one  from  the  vicinity 
of  Mansfield,  Tioga  County,  Pa.,  has  3  plications  in  the 
sinus  and  8  on  each  side.  It  will  be  seen  that  these 
authentic  specimens  including  the  type  represented  by 
fig.  10  have  from  13  to  21  plications  on  a  valve.  Hall 
gave  in  his  specific  description  from  28-32,  while  the  Ohio 
specimen  from  this  locality  has  17  and  the  more  angular 
outline  of  C.  stephani.  It  appears  safe  to  refer  this  speci- 
men and  some  others  to  this  species. 

4.  Camaroto3chia  cf.  eximia  Hall (r) 

Certain  specimens  approach  the  form  of  C.  eximia  and  have 
the  rather  fine,  angular  plications  of  that  species. 

5.  Liorhynchus  globuliforme  Van.  var.  chagrinanum  n.  Var (c) 

These  specimens  were  compared  with  the  types  of  L.  globuli- 
forme in  the  New  York  State  and  American  museums. 

6.  Cyrtia  alta  Hall (rr) 

The  specimens  were  compared  with  authentic  ones  of  this 
species  at  Cornell  and  types  in  the  New  York  State  Mu- 
seum. One  shows  the  grooves  along  the  sides  of  the 
deltidial  fissure. 

7.  Reticularia  prsematura  (Hall)  Schuchert (r) 

Specimens  compared  with  authentic  ones  of  this  species  at 
Cornell  and  with  types  in  the  New  York  State  Museum. 

8.  Athyris  polita  Hall (r) 

These  specimens  were  compared  with  types  of  this  species  in 
the  New  York  State  Museum  and  there  are  external  im- 
pressions of  two  ventral  valves  which  clearly  belong  to 
it.  Associated  with  them  are  two  specimens  of  dorsal 
valves  which  are  rather  broader  than  typical  specimens 
of  this  species,  although  they  probably  belong  to  it. 

9.  Productella  hirsuta  Hall  (?) (r) 

These  specimens  were  compared  with  P.  hirsuta  Hall  and  P. 
lachrymosa  (Con.)  Hall,  at  Cornell,  and  the  small  pustules 
and  general  appearance  seem  to  refer  them  to  the  first 
named  species. 

10.  Pelecypod  (winged  shell)    (rr) 

11.  Turrilepas  (?)  newberryi  (Whitf.)  Clarke  (?) (rr) 

Whitfield  gave  the  formation  and  locality  of  this  species  as 
the  Cleveland  shale,  Sheffield  and  Birmingham,  Erie 
County,  Ohio. 

As  already  stated  the  horizon  from  which  the  fossils  were  collected 
on  the  two  roads  from  Madison  to  Thompson  is  near  the  top  of  the  Cha- 
grin formation.  From  the  notes  accompanying  lists  of  Chagrin  fossils 
appearing  in  earlier  portions  of  this  bulletin  it  will  be  seen  that  the  majority 
of  those  identified  from  these  two  localities  are  from  rocks  that  have 
generally  been  considered  as  Chemung.  A  part  of  them  occur  at  lo- 
calities in  southern  or  southwestern  New  York  which  are  almost  within 
the  typical  region  of  the  Chemung  formation,  or  else  the  stratigraphy 
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is  so  clear  that  there  can  be  no  doubt  that  the  rocks  are  of  equivalent 
age.  It  is  also  interesting  to  note  the  agreement  between  this  fauna 
and  the  one  near  Meadville,  Pa.,  which  furnished  Professor  Hall  several 
new  species  and  which  he  considered  as  also  of  Chemung  age.  Species  of 
this  fauna,  a  part  or  all  of  the  type  specimens  of  which  came  from 
Meadville,  that  have  been  identified  at  one  or  both  of  these  Madison 
localities,  are  as  follows: 

1.  Cyrtia  alta  Hall. 

2.  Camarotoechia  orbicularis  Hall. 

3.  Reticularia  praematura  (Hall)  Schuchert. 

The  number  of  species  common  to  the  upper  Chagrin  of  eastern 
Ohio  and  the  Meadville  fauna  will  be  increased  from  the  additional 
lists  of  Chagrin  fossils  collected  at  still  more  eastern  localities  in  Ohio. 

The  age  of  the  rocks  containing  the  above  species  was  still  con- 
sidered Chemung  by  Hall  and  Clarke  when  their  work  on  the  Genera 
of  the  Palaeozoic  Brachiopoda  was  published  in  1894.  In  this  standard 
monograph  Cyrtia  alta  is  given  as  from  the  Chemung  on  p.  42  and  explana- 
tion of  pi.  26,  pt.  II,  Vol.  VIII,  Pal.  N.  Y.;  the  same  formation  is  given 
for  Camarotcechia  orbicularis  on  p.  192  and  explanation  of  pi.  57;  and  the 
same  statement  for  Spirifer  [Reticularia]  prcematura  on  p.  37  and  explana- 
tion of  pi.  36.  Professor  Schuchert  in  his  Synopsis  of  Am.  Fossil  Brachi- 
opoda (Bull.  U.  S.  Geol.  Survey,  No.  87,  1897)  gave  Cyrtia  alta  as  from 
the  Waverly  of  Meadville,  Pa.,  and  Bedford,  Ohio;  Camarotoechia 
orbicularis  from  the  Chemung  of  Chautauqua  County,  N.  Y.,  and  Mead- 
ville, Pa. ;  and  Reticularia  prcematura  from  the  Chemung  of  Meadville  and 
Oil  Creek,  Pa.  At  an  earlier  date  Professor  Schuchert  gave  Syringo- 
thyris  [Cyrtia]  alta  as  from  the  Chemung  of  Meadville  and  Union  City,  Pa., 
and  Erie  shale  at  Bedford, Ohio,1  and  the  reason  for  the  change  to  Waverly 
in  the  later  work  is  not  obvious,  since  the  other  two  species  which  both 
occur  at  Meadville,  Pa.  are  left  in  the  Chemung.  The  geology  of 
Crawford  County,  Pa.,  of  which  Meadville  is  the  county  seat,  was  des- 
cribed by  Dr.  I.  C.  White  and  the  fossils  from  near  that  city  described  by 
Professor  Hall  probably  came  from  the  Venango  oil  sand  group  which 
Dr.  White  regarded  as  upper  Chemung.2  Professor  Williams  in  his 
paper  on  the  shifting  of  faunas  states  that  in  the  Meadville  section 
"the  Chemung  species  have  not  been  discovered  higher  than  the  Rice- 
ville  shales  [the  formation  overlying  the  Venango  oil  sands],  above  which 
the  Waverly  fauna  comes  in  in  its  purity."8  On  the  Meadville  section  as 
shown  on  his  "Comparative  Chart  of  Devonian  Sections"  the  dotted 
line  4  representing  the  lower  limit  of  the  Waverly  faunas  apparently 
separates  the  Venango  and  Riceville  formations.4 

In  the  gutter  of  the  highway  barometerically  65  feet  higher  than 

'Ninth  Ann.  Kept.  State  Geol.  [N.  Y.],  1890,  p.  36. 

*2d  Geol.  Survey  Pa.  Q4,  1-881,  p.  117,  f.  n.  Also  see  the  description  of  out- 
crops of  the  Venango  upper  sand  at  Meadville  on  p.  102  and  species  of  fossils  given 
on  p.  171. 

•Bull.  Geol.  Soc.  America,  Vol.  14,  1903,  p.  184. 

'Ibid.,  pi.  16  and  see  p.  180  for  explanation  of  numbered  lines.  This  chart  is  pi. 
I,  Bull.  U.  S.  Geol.  Survey,  No.  210,  and  the  explanation  is  on  p.  121. 
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the  fossiliferous  zone  described  above,  below  the  house  of  Mr.  C.  Mosley, 
is  the  lowest  outcrop  of  coarse-grained,  friable  buff  to  brownish-gray 
sandstone.  This  is  considered  the  Berea  grit;  some  of  the  layers  have 
ripple-marks  and  the  barometer  gave  a  thickness  of  55  feet  for  these 
sandstones  as  shown  on  the  highway.  In  a  small  run  in  the  woods 
east  of  the  road  are  exposures  of  the  Berea  sandstone  where  it  has  been 
explored  to  a  small  extent  for  quarrying.  Slabs  of  the  upper  sand- 
stone have  been  dug  up  and  it  is  probably  one  of  the  small  quarries 
mentioned  by  Read  to  the  north  of  Thompson  Ledge.*  The  barometer 
made  the  top  of  the  exposures  in  the  woods  5  feet  higher  than  the  highest 
outcrops  seen  by  the  roadside,  which  indicates  a  total  thickness  of  60 
feet  for  the  Berea  formation  on  the  northern  approach  to  Thompson 
Ledge. 

The  outcrops  of  the  Cuyahoga  terrane  are  few  and  inconspicuous  on 
this  road  and  its  thickness  was  not  determined  with  any  degree  of 
exactness.  The  readings  of  the  barometer  on  two  days  differed 
markedly;  but  indicated  a  thickness  of  between  about  100  and  150 
feet  for  the  Cuyahoga  terrane. 

At  the  four  corners  about  one-fourth  mile  east  of  Thompson  Ledge 
are  drab  to  bluish  soft  argillaceous  shales  exposed  in  the  banks  and 
gutters  of  the  roads  which  evidently  belong  in  the  Orangeville  shale. 
These  corners  are  by  the  barometer  140  feet  lower  than  the  top  of 
Thompson  Ledge  or  perhaps  about  75  feet  below  the  base  of  the  con- 
glomerate. Down  a  run  from  the  four  corners  and  20  feet  lower  are 
loose  pieces  of  fine  black  shale.  Ten  feet  lower,  however,  on  the  bank 
of  the  run  is  an  exposure  of  about  3  feet  of  blue  argillaceous  shale  be- 
longing in  the  Orangeville.  In  the  gutter  by  the  roadside,  on  the  road 
leading  east  from  the  four  corners  and  40  feet  lower  by  the  barometer, 
are  blue  argillaceous  shales.  A  little  higher  by  the  roadside  some  of 
the  shale  is  blackish;  but  it  all  belongs  in  the  Orangeville. 

Forty-five  feet  lower  by  the  barometer  are  coarse-grained,  soft, 
buff-colored  sandstone?  of  the  Berea  considerably  broken  up  as  they 
appear  in  the  road  gutter;  the  thickness  of  the  formation  was  not 
determined.  The  country  at  this  horizon  shows  a  flat  terrace  due  to 
the  presence  of  the  Berea  grit.  Thirty-five  feet  lower  than  the  base 
of  the  preceding  zone  are  fine-grained  and  rather  buff  sandstones  in  the 
road  gutter;  while  below  are  soft,  olive,  argillaceous  shales.  These 
shales  are  probably  in  the  Bedford  formation  and  perhaps  the  super- 
jacent  sandstones. 

Near  South  Thompson,  2J  miles  south  of  Thompson  and  60  feet 
lower,  is  the  Spring  Pond  which  is  formed  by  a  large  spring  that  issues 
from  about  the  base  of  the  Sharon  conglomerate.  It  forms  a  brook 
of  considerable  size  which  has  been  dammed,  thereby  making  an  excel- 
lent fish  pond,  below  which  is  the  Vogel  spring  mill.  About  this  escarp- 
ment there  are  numerous  good  springs  at  the  base  of  the  Sharon  con- 
glomerate and  the  Berea  grit  as  is  to  be  expected  where  porous  rocks 

1Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  524. 
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rest  upon  argillaceous  shales.  Some  years  ago  a  well  was  drilled  at 
South  Thompson  which  is  reported  to  have  obtained  some  oil  in  the 
Berea  grit  and  to  have  gone  to  a  depth  of  1,000  feet.  The  first  small 
glen  south  of  Montville,  which  is  about  2f  miles  south  of  South  Thompson, 
shows  ledges  of  Sharon  conglomerate. 

Nelson  Ledge* — From  Thompson  Ledge  the  eastern  outcrop  of  the 
Sharon  conglomerate  in  general  follows  a  nearly  north  and  south  line, 
with  certain  indentations  caused  by  the  headwaters  of  various  streams, 
across  Thompson,  Montville,  Huntsburg,  Middlefield  and  Parkman 
townships  in  Geauga  County,  and  Nelson  Township  in  Portage  County 
when  it  turns  southeasterly  across  Windham  Township.  Along  this 
north  and  south  escarpment  there  are  various  ledges  and  glens  affording 
exposures  of  the  Sharon  conglomerate;  but  afcer  the  Thompson  Ledge 
the  one  next  best  known  is  the  Nelson.  This  is  in  Nelson,  the  north- 
eastern township  of  Portage  County,  and  as  it  is  in  the  direct  southerly 
continuation  of  the  Geauga  County  escarpment,  it  will  now  be  described. 
The  Nelson  Ledge  is  5  miles  northeast  of  Garrettsville  near  the  Cascade 
Falls  Hotel.  Garrettsville  is  on  the  Cleveland  division  of  the  Erie 
Railroad  and  is  also  reached  by  the  electric  cars  of  the  Chagrin  Falls 
and  Garrettsville  division  of  the  Eastern  Ohio  Tra'ction  Company. 

The  Sharon  conglomerate  is  well  shown  at  the  Nelson  Ledge  where 
it  is  massive  and  the  pebbles  are  thick.  Some  of  them  are  as  large  as 
hen's  eggs  and  in  general  they  are  decidedly  larger  than  at  the  typical 
locality  of  the  Sharon  conglomerate  to  the  west  of  Sharon,  Pennsylvania. 
The  matrix  of  the  conglomerate  is  a  coarse-grained  sandstone  or  grit, 
in  which  the  pebbles  are  imbedded,  which  on  the  face  of  the  cliff  and  large 
blocks  broken  from  it  is  of  a  brownish  or  rusty  color.  Plate  XX  gives 
a  view  of  a  portion  of  the  ledge  showing  differential  weathering,  pebbles 
and  cross-bedding.  In  the  amphitheater  at  the  House  Rock  39  feet 
of  the  conglomerate  is  shown.  The  contact  of  the  Sharon  conglomerate, 
and  the  Cuyahoga  terrane  is  shown  in  the  Old  Hunter's  cave  under  the 
cascade,  where  some  5  feet  of  argillaceous  shale  may  be  seen  beneath 
the  conglomerate.  The  upper  part  of  the  exposed  Sharon  conglomerate, 
as  seen  on  the  highway  at  the  edge  of  the  plateau  just  east  of  Nelson, 
is  a  thin-bedded,  buff  to  brownish,  coarse-grained,  micaceous  sandstone 
which  is  very  much  cross-bedded.  There  are  occasional  pebbles  in 
these  sandstone  layers  and  this  outcrop  is  near  the  highest  ground  on 
the  highway.  Two  readings  of  the  barometer  with  a  difference  in  time 
of  about  35  minutes  between  them  gave  a  difference  in  elevation  be- 
tween the  highest  outcrops  of  the  conglomerate  seen  on  the  highway 
east  of  Nelson  and  its  base  at  Nelson  Ledge  of  between  150  and  155  feet. 
Apparently  in  this  region  the  Sharon  conglomerate  reaches  a  thickness 
of  fully  150  feet.  A  fairly  complete  account  of  the  conglomerate  at  this 
locality  was  published  by  John  F.  Carll  in  1880. l 
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CHAPTER  IV 

ASHTABULA   AND    TRUMBULL    COUNTIES    AND 
CRAWFORD  COUNTY,  PA. 

These  two  Ohio  counties  lie  between  Lake,  Geauga  and  Portage 
counties  on  the  west  and  Pennsylvania  on  the  east.  The  larger  part  of 
Ashtabula  County  is  covered  by  the  Chagrin  formation  while  its  south- 
western and  southeastern  portions,  together  with  the  larger  part  of 
Trumbull  County,  are  underlain  by  the  various  formations  of  the  Wa- 
verly  series.  The  southern  and  southeastern  portions  of  Trumbull 
County  show  the  Sharon  conglomerate  and  some  of  the  succeeding 
rocks  of  the  Coal-measures. 

The  principal  streams  are  the  Grand  and  Mahoning  rivers  receiv- 
ing numerous  branches,  of  which  Rock  and  Mill  creeks  are  the  largest 
entering  Grand  River  and  Mosquito  Creek  entering  the  Mahoning 
River.  In  the  northeastern  part  of  Ashtabula  County,  Conneaut  and 
Ashtabula  creeks  are  streams  of  considerable  size  flowing  into  Lake 
Erie  while  Pymatuning  Creek  rises  in  the  southeastern  part  of  Ashta- 
bula County  and  flows  across  the  northeastern  part  of  Trumbull  into 
Mercer  County,  Pennsylvania,  where  it  enters  the  Shenango  River. 
The  southern  half  of  Ashtabula  and  Trumbull  counties  is  in  the  con- 
tinuation of  the  plateau  of  northwestern  Pennsylvania,  except  that  a 
considerable  part  of  Trumbull  County  has  been  decidedly  lowered 
by  stream  erosion.  Some  of  the  streams  have  rocky  banks  for  all  or 
part  of  their  courses,  like  the  Grand  River,  which  afford  an  opportunity 
to  determine  what  geological  formation  borders  them,  while  other 
streams  have  low  alluvial  banks  as  is  the  case  with  Mosquito  Creek. 
Numerous  smaller  streams  in  descending  from  the  higher  ground 
of  the  western,  southern  and  eastern  portions  of  this  area  have  cut 
through  the  soil,  drift  or  alluvial  deposits  into  the  subjacent  Paleozoic 
rocks  and  in  several  instances  formed  small  glens.  The  Grand  River 
rises  in  Nelson  Township,  Portage  County  and  after  reaching  the  north- 
eastern corner  of  Farmington  Township  it  flows  nearly  north  until 
near  the  center  of  Austinburg  Township,  Ashtabula  County,  when  it 
makes  a  turn  nearly  at  right  angles  and  flows  westerly  across  the  western 
half  of  Austinburg  Township  and  Harpersfield  Township  into  Madison 
Township  of  Lake  County.  That  part  of  the  two  counties  now  under 
consideration  which  lies  to  the  south  and  west  of  the  Grand  River 
will  be  considered  first  and  most  attention  given  to  Trumbull,  Harts- 
grove,  Windsor  and  Mesopotamia  townships. 

(293) 


294  DEVONIAN  AND  MISSISSIPPIAN 

Trttmbull  Township*  —  To  the  north  of  Trumbull  is  Harpers- 
field  Township  which  is  underlain  by  the  Chagrin  formation  and  in 
the  southern  part  of  the  township  is  the  hamlet  of  Cork.  At  Cork 
the  drift  is  reported  as  from  7  to  12  feet  in  thickness  and  farther  east 
toward  the  Grand  River  it  reaches  a  thickness  of  100  feet.  Shallow 
wells  have  been  drilled  in  Cork  and  its  vicinity  which  furnish  natural 
gas  from  the  Chagrin  shales.  The  principal  gas  horizons  were  reached 
at  depths  of  135,  170  and  220  feet,  while  salt  water  was  reached  at  100 
feet.  From  May  to  July,  1902,  a  well  was  drilled  on  the  Oscar  Dusen- 
bury  farm,  one  mile  east  of  Cork,  to  a  depth  of  2,492  feet.  It  is  reported 
that  fresh  water  in  abundance  was  obtained  at  a  depth  of  40  feet  and  a 
fairly  good  vein  of  shale  gas  at  300  feet,  which  of  course  was  in  the 
Chagrin  formation.  The  statements  differ  as  to  the  depth  at  which 
the  Devonian  limestone  was  reached  as  from  about  1,700  feet  to  the  one 
that  the  well  "went  at  least  300  feet  in  the  limestone".  The  reports 
of  the  residents  of  that  vicinity  agree  that  80  feet  of  hard  rock  salt  was 
penetrated  in  the  well  and  samples  were  shown  the  writer.  Salt  water  was 
struck  at  2,200  feet,  the  rock  salt  was  below  it  and  the  majority  of  answers 
gave  the  depth  of  the  top  as  2,400  feet.  Mr.  Gray,  however,  one  of  the 
most  reliable  men  consulted,  was  not  certain  that  the  top  of  the  salt 
was  as  deep  as  2,400  feet.  The  Walle  Bros,  of  Etna,  Pa.,  who  drilled 
the  well,  furnished  the  following  record: 

Shale  occurs  as  in  the  wells  about  Jefferson,  Ashtabula  County,  with 
two  streaks  of  black  shale  near  the  bottom,  also  like  the  wells  near  Jeffer- 
son, to  a  depth  of  1,740  feet  when  limestone  was  reached.  Five  hundred 
and  ninety  feet  deeper  at  a  total  depth  of  2,330  feet,  the  top  of  the  rock 
salt  was  reached,  which  they  gave  as  90  feet  thick.  At  its  base  was  a 
streak  of  limestone  below  which  was  dark  gray  shale  to  the  bottom  of 
the  well  which  they  gave  as  2,500  feet.  The  mouth  of  this  well  is  100 
feet  by  the  barometer  higher  than  the  bridge  on  the  highway  to  the 
east  over  the  Grand  River  in  Austinburg  Township. 

It  was  also  reported  that  wells  in  Saybrook  Township,  which  is  the 
one  to  the  northeast  of  Harpersfield.  obtain  natural  gas  in  considerable 
volume  at  a  depth  of  760  feet. 

At  Barnes  Corners  on  the  highway  two  miles  east  of  Trumbull 
(known  locally  as  Trumbull  Center)  are  outcrops  of  coarse,  greenish 
shales  and  sandstones.  These  rocks  by  the  barometer  are  60  feet 
higher  than  the  bridge  over  Grand  River  on  this  highway  to  the  east 
and  they  are  in  the  Chagrin  formation.  They  weather  to  a  very  rusty 
color;  but  it  is  not  what  a  geologist  calls  red.  Read  in  his  description 
of  the  Erie  shale  (Chagrin  formation)  in  Ashtabula  County,  stated  that 
it  "is  composed  almost  entirely  of  soft,  blue,  aluminous  shale,  often 
weathering  red  on  exposure,  and  finally  decomposing  into  a  stiff,  yellow 
clay."1  He  also  stated  that  "Hard  layers,  from  one  inch  up  to  one  foot 

1Geol.  Surv.  Ohio,  Vol.  I,  1873,  p.  486. 
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in  thickness,  are  interstratified  through  these  softer  shale,  but  these 
bands  are  full  of  vertical  seams,  and  are  rarely  of  sufficient  solidity  to 
offer  much  resistance  to  denuding  agencies." 

By  the  roadside  at  the  top  of  the  ridge  west  of  Barnes  Corners  and 
55  feet  higher,  are  outcrops  of  greenish-gray  sandstone  and  shales  which 
contain  some  fossils.  There  are  rather  poorly  preserved  specimens  of 
Spirifer  disjunctus  Sowb.,  Reticularia  prcematura  (Hall)  Schuchert,  Pro- 
ductella  speciosa  Hall,  Athyris  polita  Hall  and  some  other  species.  The 
rocks  as  weathered  are  much  iron-stained  and  seem  to  show  that  the 
water  in  which  they  were  deposited  was  not  very  favorable  for  the  exist- 
ence of  life.  Apparently  the  sea  to  the  northeast  near  Kelloggsville 
was  purer  water  and  better  suited  for  the  habitat  of  Mollusca.  The 
top  of  the  divide,  to  the  east  of  Trumbull,  is  still  55  feet  higher  than  the 
outcrop  just  described  or  170  feet  according  to  the  barometer  higher  than 
the  bridge  on  this  highway  over  the  Grand  River. 

The  complete  list  of  fossils  from  this  locality,  by  the  roadside  to  the 
west  of  Barnes  Corners  and  about  two  miles  east  of  Trumbull  is  as  follows : 

1.  Reticularia  praematura  (Hall)  Schuchert (c) 

More  specimens  collected  at  this  locality  than  of  any  other 
species.  They  agree  in  practically  all  details  with  spec- 
imens from  Meadville,  Pa.,  identified  as  this  species  by 
Dr.  Kindle,  which  were  studied  at  Cornell  University. 
Later  they  were  compared  with  types  of  this  species  in 
the  New  York  State  Museum  from  Meadville,  Pa.,  with 
which  they  closely  agree. 

2.  Spirifer  disjunctus  Sowb. (c) 

3.  Athyris  polita  Hall (r) 

A  dorsal  valve  clearly  shows  faint  radiating  lines  (striae)  as 
well  as  clear  concentric  ones  as  stated  in  Hall's  descrip- 
tion of  this  species. 

4.  Productella  speciosa  Hall (r) 

Compared  with  authentic  specimens  of  this  species  at  Cor- 
nell. The  impressions  of  the  pustules  of  the  Ohio 
specimens  agree  with  types  of  this  species  in  the 
New  York  State  Museum.  The  original  specimens  of 
this  species  were  from  the  Chemung  on  Twenty-mile 
Creek,  Chautauqua  County,  N.  Y.  Hall  also  reported 
it  from  Leon  and  New  Albion  in  Cattaraugus  County, 
and  west  of  Olean  in  Allegheny  County,  N.  Y.  The 
range  of  the  species  is  given  by  Professor  Schuchert  as 
Portage,  Chemung  and  Kinderhook.  It  was  reported 
as  an  abundant  and  characteristic  species  of  the  Ithaca 
formation  by  Dr.  Kindle.1 

5.  Amboccelia  umbonata  (Con.)  var.  gregaria  Hall (r) 

One  of  these  specimens  is  a  dorsal  valve  and  shows  the  rather 
narrow  and  fairly  deep  sinus  of  this  variety.  They  were 
compared  with  a  type  specimen  in  the  New  York  State 
Museum  and  are  'considered  identical. 


'Bull.  Am.  Paleontology,  No.  6,  1896,  p.  35. 
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6.  Camarotcechia  orbicularis  Hall  (?) (rr) 

7.  Liopteria  sp (r) 

8.  (?)  Sphenotus  sp (rr) 

On  Trumbull  Creek  about  one-fourth  mile  south  of  Trumbull 
is  a  small  gorge  in  which  the  upper  part  of  the  Chagrin  formation  and 
the  Cleveland  shale  are  shown.  Blue  argillaceous  shales  alternating 
with  thin  shaly  sandstones  are  well  shown  in  the  creek  within  about  50 
feet  of  the  top  of  the  Chagrin  formation.  These  shales  contain  a  consid- 
erable number  of  specimens  of  fossils  of  which  Spirifer  disjunctus  Sowb. 
is  the  most  abundant;  but  Reticularia  prcematura  (Hall)  Schuchert 
Camarotcechia  orbicularis  Hall,  Athyris  polita  Hall  and  a  few  other  species 
occur.  On  the  thin  sandstones  are  numerous  fucoidal  markings  to- 
gether with  some  ripple-marks.  Most  of  the  fossils  are  in  the  sandy  layers 
and  the  fauna  suggests  the  zone  on  the  highways  between  Grand  River 
and  Thompson.  The  complete  fauna  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Reticularia  prsematura  (Hall)  Schuchert (r) 

3.  Camarotcechia  orbicularis  Hall   (rr) 

4.  Athyris  polita  Hall (rr) 

A  specimen  was  compared  with  types  of  this  species  in  the  New 
York  State  Museum  with  which  it  closely  agrees. 

5.  Athyris  cf.  cora  Hall   (rr) 

6.  Strophalosia  muricata  Hall  (?) (rr) 

These  specimens  are  larger  than  the  figures  on  pi.  22,  Vol.  IV, 
Pal.  N.  Y.,  and  apparently  somewhat  wider  in  propor- 
tion to  the  length.  This  species  was  given  by  Hall  as 
in  the  Chemung  of  Ellington,  Chautauqua  County,  N. 
Y.,  and  at  Meadville,  Pa.,  which  remains  the  same  in 
Schuchert's  Synopsis  of  Fossil  Brachiopoda. 

7.  Liorhynchus  ohioense  n.  sp (r) 

8.  Productella  sp (rr) 

9.  Grammysia  sp (rr) 

An  imperfectly  preserved  specimen,  which  perhaps  may  be 
compared  with  G.  communis  Hall  from  the  Chemung  of 
southeastern  New  York  and  Warren,  Pa.  The  Ohio 
specimen,  however,  was  compared  with  others  at  Cornell, 
identified  and  published  as  this  species,  by  Professor 
Williams,  from  Cuba,  N.  Y.  (Bull.  U.  S.  Geol.  Survey, 
No.  41,  p.  64),  and  it  does  not  agree  in  character  of  con- 
centric folds,  which  are  stronger  than  on  the  New  York 
specimens.  They  are  not  as  strong,  however,  as  on  spec- 
imens from  near  Olean,  N.  Y.,  identified  as  this  species 
by  Dr.  Kindle. 

10.  Arenicolites  cf.  duplex  Wms. 

The  tubes  of  this  specimen  make  a  regular  loop,  which  is  much 
stronger  and  more  regular  than  in  the  specimen  figured 
by  Professor  Williams  from  the  Portage  shales  of  Wy- 
oming County,  N.  Y.  (Bull.  41,  p.  46). 

11.  Fucoid  markings. 
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Down  the  creek  near  the  mill  there  is  a  rather  high  bank  of  the 
Chagrin  formation.  On  the  bank  of  the  creek  above  the  bridge  is  the 
upper  part  of  the  Chagrin  formation  capped  by  the  Cleveland  shale. 
More  than  20  feet  of  the  black  Cleveland  shale  is  shown,  similar  to  the 
outcrops  near  Cleveland  except  there  are  some  layers  that  are  slightly 
impure,  sandy  and  not  so  black  as  the  normal  Cleveland  shale.  Read 
in  his  description  of  the  geology  of  Ashtabula  County  stated  that  "This 
black,  bituminous  shale  is  exposed  in  the  ravines  in  Trumbull  township, 
exhibiting  there  a  maximum  thickness  of  sixty-five  feet ;  the  upper  thirty 
feet  being  a  typical  black  shale,  the  lower  thirty-five  feet  gradually 
assimilating  to  the  character  of  the  Erie  [Chagrin]  shale  below."1  In 
the  Trumbull  Creek  glen  there  is  scarcely  any  evidence  of  this  transitional 
zone  from  the  Chagrin  formation  to  the  20  feet  of  black  shale  referred 
to  the  Cleveland.  It  is  a  steep  bank  and  a  good  locality  to  study  the 
contact  of  the  Chagrin  formation  and  the  Cleveland  shale. 

In  the  southwestern  part  of  Trumbull  Township,  near  Footville,  on 
the  Lennon  farm  is  an  old  quarry  in  the  Berea  grit  which  by  the  barom- 
eter is  105  feet  lower  than  the  Big  Spring  at  South  Thompson  at  the 
base  of  the  Sharon  conglomerate.  The  stone  from  this  quarry  was 
formerly  known  as  the  Trumbull  Diamond  grit  and  was  used  for  whet- 
stones. At  one  time  there  was  a  mill  operated  by  Mr.  Richardson 
who  employed  fifteen  girls  in  labeling  and  other  work  connected  with  the 
preparation  of  the  whetstones  for  market.  The  dirt  banks  of  the  quarry 
have  mostly  caved  in  so  that  there  is  not  at  present  a  very  good  exposure 
of  the  grit.  Some  of  the  layers  show  ripple-marks.  This  quarry 
was  mentioned  by  Read  in  his  Geology  of  Ashtabula  County  who 
stated  that  the  Berea  grit  "enters  Ashtabula  county  from  the  west, 
in  Trumbull  township,  and  near  Footville  has  been  quarried  to  a 
limited  extent  for  whetstones,  for  which  it  is  there  very  well  adapted. 
Only  a  small  part  of  the  ledge  has  been  exposed,  and  full  explorations 
there  would  probably  disclose  good  material  for  grindstones  and  for 
building  purposes."2 

On  the  creek  bank  about  one-fourth  mile  north  of  Footville  and 
just  above  a  small  iron  bridge  on  the  highway  is  a  rock  bank  of  about 
10  feet.  It  is  composed  of  bluish  shales  and  thin-bedded  bluish-gray 
sandstones  which  belong  in  the  Bedford  formation. 

In  the  southern  part  of  Trumbull  Township,  not  far  west  of  the 
north  and  south  road  from  Hartsgrove  to  Trumbull  and  about  2  miles 
southwest  of  Trumbull  a  well  was  drilled  in  1901  on  the  Green,  formerly 
called  the  Johnson,  farm.  Judging  from  outcrops  on  Crooked  Creek 
not  far  to  the  south  it  would  appear  that  its  mouth  is  near  the  horizon 
of  the  Berea  grit.  Mr.  Daniel  C.  Rodgers,  one  of  the  drillers,  has 
furnished  the  writer  with  the  following  record  of  this  well:  There  was  at 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  486. 
2Ibid.,p.484. 
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first  20  feet  of  drive  pipe,  then  it  passed  through  about  150  feet  of  clay 
and  was  cased  at  a  depth  of  150  feet  shutting  off  all  fresh  water.  Below 
the  clay  is  about  500  feet  of  light  colored  shale  and  then  about  700  feet 
of  darker  shale.  At  this  horizon  at  a  depth  of  about  1,370  feet  was  a 
show  of  what  is  called  the  Bradford  sand,  30  feet  thick,  of  dark  color 
and  tinted  with  red.  Then  200  feet  of  shale,  a  little  darker  colored 
than  that  above,  was  passed  through  followed  by  what  he  called  the 
Niagara  shale,  very  black  and  200  feet  thick.  At  the  base  of  this  shale 
the  sand,  as  Mr.  Rodgers  called  it,  was  struck  at  a  depth  of  1,800  feet 
(but  the  sum  of  the  thickness  of  the  various  zones  above  the  sand  as 
given  by  him  amounts  to  2,000  feet)  which  he  described  as  of  a  darkish 
or  very  dark  color  and  150  feet  thick.  Below  is  a  zone  of  about  the  same 
color,  perhaps  one-half  of  which  is  a  regular  flint  with  a  thickness  of 
50  =*=  feet  that  would  readily  write  on  glass.  Then  it  passed  into  what 
was  called  buttermilk  sand  from  its  resemblance  to  buttermilk;  this 
had  a  disagreeable  odor  and  was  about  30  feet  thick.  Below  this 
the  well  again  entered  the  dark  sand  with  very  hard  and  soft  streaks 
until  a  depth  of  2,100  feet  was  reached  (the  sum,  however,  of  the  thick- 
ness of  the  various  zones  to  the  top  of  this  deepest  sand,  as  given  by 
Mr.  Rodgers,  amounts  to  2,230  feet).  After  casing  off  the  fresh  water 
the  well  was  dry  down  to  the  bottom  when  very  strong  salt  water 
with  an  acid  nature  was  struck. 

Mr.  J.  A.  McFarland,  who  boarded  the  drillers,  wrote  that 
the  well  struck  rock  at  a  depth  of  10  feet  and  from  there  until  they 
reached  a  depth  of  1,925  feet  it  passed  through  hard  and  soft  shale. 
Rock  salt  was  the  last 'thing  struck  at  a  depth  of  2,275  feet  and  there 
was  a  great  flow  of  salt  water  which  rose  to  within  400  feet  of  the  top 
of  the  well. 

Crooked  Creek  crosses  the  north  and  south  highway  from  Harts- 
grove  to  Trumbull  nearly  2.9  miles  north  of  the  former  village,  2.3 
miles  south  of  the  latter  and  just  south  of  the  house  of  Mr.  S.  Potter. 
Just  below  the  highway  bridge  in  the  creek  are  greenish  to  olive  and 
bluish  shales  together  with  sandstones  which  form  the  upper  portion 
of  the  Chagrin  formation.  The  upper  layers  of  the  Chagrin  at  this 
locality  are  sandstones  containing  much  iron  pyrites  and  they  resemble 
somewhat  the  top  of  the  Berea.  There  is  also  an  occasional  ripple- 
marked  layer.  Some  of  the  layers  are  rather  fossiliferous  and  Spirifer 
disjunctus  Sowb.  is  common  and  apparently  runs  to  the  top  of  the  for- 
mation. Loose  blocks  in  the  creek  apparently  from  this  horizion 
contained  specimens  of  Spirifer  disjunctus  Sowb.  associated  with  Stro- 
phalosia  muricata  (Hall)  Beecher,  both  of  which  were  common.  Specimens 
were  shown  Professor  Williams  who  agreed  in  this  identification.  Later 
the  Ohio  specimens  were  compared  with  types  of  this  species  in  the 
New  York  State  Museum  from  Meadville,  Pa.,  and  from  shape  and 
general  appearance  they  apparently  clearly  belong  to  this  species 
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The  sandstone  matrix  has  preserved  scarcely  any  surface  markings 
on  the  Crooked  Creek  specimens,  except  the  rather  heavy  concentric 
wrinkles;  but  some  of  them  agree  almost  precisely  in  size,  general  shape 
and  outline  with  the  type  specimens,  as  for  example  fig.  34,  pi.  22, 
Vol.  IV,  Pal.  N.  Y.  The  Meadville  forms  occur  in  weathered  blocks 
in  which  are  numerous  specimens  of  Spirifer  disjunctus  Sowb., 
Chonetes  setiger  (Hall)  de  Koninck,  Camarotoechia  contracta  Hall  (?) 
and  Productella  sp.  The  types  of  this  species  came  from  the  Chemung  at 
Ellington,  Chautauqua  County,  N.  Y.  and  from  Meadville,  Pa.,  and  this 
distribution  remains  the  same  in  Schuchert's  Synopsis  of  Fossil  Brach- 
iopoda.  In  addition  a  broken  specimen  of  Camarotoechia  orbicularis 
Hall  (?)  was  collected  at  this  locality. 

On  the  bank  at  the  bridge  is  shown  about  18  feet  of  black,  tough, 
thick-layered  Cleveland  shale.  This  is  one  of  the  best  exposures  of 
the  Cleveland  seen  in  this  part  of  the  State  and  there  is  apparently 
no  evidence  of  the  35  feet  of  shale  "gradually  assimilating  to  the  character 
of  the  Erie  shale  below"  as  reported  by  Read  for  this  county.1  The 
Cleveland  shale  is  apparently  sharply  defined  lithologically  nearly 
if  not  quite  to  the  top  of  the  Chagrin  formation  at  this  locality. 

Just  below  the  highway  there  is  evidence  of  the  folding  of  the  rocks. 
The  sandstone  in  the  bed  of  the  creek  above  the  bridge  is  dipping  strongly 
to  the  north.  A  little  farther  up  the  stream  the  sandstone  and  shale 
dip  sharply  to  the  south  showing  that  there  is  a  small  anticlinal  fold. 

Farther  up  the  stream  and  about  south  of  the  well  described  above, 
are  gray  argillaceous  shales  of  the  Bedford  formation.  Thin-bedded  sand- 
stones are  shown  15  feet  higher  than  the  gray,  argillaceous  shales  and 
sandy  shale  occurs  10  feet  higher  than  the  thin-bedded  sandstones. 
Thin-bedded  but  coarse-grained  sandstone  occurs  10  feet  higher  than 
the  outcrop  just  mentioned  and  this  is  taken  for  the  base  of  the  Berea 
formation.  The  base  of  the  formation  is  also  indicated  along"  the  banks 
of  this  creek  by  numerous  springs  of  excellent  water.  The  mouth  of 
the  well  to  the  north  is  by  the  barometer  10  feet  higher  than  the  outcrop 
of  these  coarse-grained  sandstones  on  the  creek,  which  is  evidence 
that  it  began  not  far  from  the  horizon  of  the  basal  part  of  the  Berea 
sandstone. 

To  the  south  of  Trumbull  Township  is  that  of  Hartsgrove;  but  no 
particular  time  was  devoted  to  a  study  of  its  geology.  The  Berea 
grit  is  exposed  on  the  highway  to  the  north  of  the  village  of  Hartsgrove 
and  also  in  Haskins  Creek  just  south  of  the  village. 

Indian  Creek  Section  and  Quarry*  —  To  the  south  of  Hartsgrove 
is  Windsor  Township  crossed  by  Indian  and  Phelps  creeks  which  afford 
interesting  sections  of  the  formations,  especially  along  the  latter  one. 
Indian  Creek  flows  across  the  northern  part  of  the  township  and  in 
part  of  its  course  the  rocks  are  fairly  well  shown.  The  following  section 

'Ibid.,  p.  486. 
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was  studied  along  this  creek  commencing  near  the  north  and  south 
road  from  Windsor  to  Hartsgrove. 


Section  on  Indian  Creek. 


No. 
5. 


Total 

Thick-  thick- 
ness, ness. 
Feet.  Feet. 


2. 


Berea  sandstone.  Shown  on  creek  bank  just  north  of 
A.  G.  Atkins'  house.  Perhaps  the  top  of  the  for- 
mation is  not  shown;  but  the  layers  of  this  upper 
exposed  portion  are  mostly  rather  thin-bedded  and 
much  ripple-marked.  Lower,  there  is  massive  sand- 
stone, some  of  which  is  cross-bedded.  The  lower  part  of 
the  Berea  is  massive,  coarse-grained  and  somewhat 
friable.  The  lowest  massive  layer  is  about  6  feet 
thick;  but  above  are  thinner  bedded  layers 40  112 

Bedford  formation.  The  contact  of  the  Berea  and  Bed- 
ford formations  is  nicely  shown  on  the  southern  bank 
of  the  creek,  and  is  similar  to  that  shown  on 
Mill  Creek  in  the  southern  part  of  the  township. 
Immediately  below  the  thick,  basal  layer  of  the 
Berea  grit,  is  shown  between  4  and  5  feet  of  bluish  to 
gray,  argillaceous  and  arenaceous,  fine  shales,  with  a 
few  sandy  layers  or  thin  sandstones  varying  from  one- 
half  to  one  inch  in  thickness.  At  one  locality  the  base 
of  the  Berea  grit  is  shown  on  the  creek  bank  directly 
above  the  top  of  the  Cleveland  shale,  and  the  interval 
between  these  two  formations  represents  the  entire 
thickness  of  the  Bedford,  which  by  the  barometer  was 
30  feet,  and  32  feet  by  the  hand-level 32  72 

Cleveland  shale.  Compact,  black,  massive  shale  in  large 
rectangular  blocks.  At  the  place  measured  by  the 
level,  18  feet  of  black  shale  was  seen;  but  the  Bedford 
was  not  shown.  The  measurements  by  the  barometer 
along  the  creek  indicated  not  more  than  20  feet  of  the 
black  shale 18+  40 

Transitional  layers. 

Grayish,  soft,  argillaceous  shale  1  ft.  10  in. 

Blackish  shale,  lower  part  of  zone  black  and 

tough  like  Cleveland 1ft. 

Soft,  argillaceous,  gray  shale  3  ft.  10  in.  >  7  —    22 

Upper  part  of  zone  black  and  compact  like 

Cleveland;  lower  part  black  but  sandy.     ..      3  in. 
Total  thickness  of  transitional  layers 6  it.  11  in.  ^ 

Chagrin  formation.  Olive,  argillaceous  and  sandy  shales, 
alternating  with  thin  bands  of  sandstone.  Perhaps 
some  of  the  rock  is  bluish  in  color.  At  the  first  lo- 
cality 3  feet  is  shown  to  the  creek  level;  but  on  a  lower 
bank  7  or  8  feet  of  shale  and  thin  sandstone  is  exposed. 
The  creek  was  followed  down  through  15  feet  of  the 
Chagrin  formation;  but  probably  there  are  lower  out- 
crops of  the  formation  on  the  stream.  In  loose  blocks 
of  the  Chagrin  along  the  creek  specimens  of  Spirifer 
disjunctus  Sowb.,  Camarotcechia  and  Orthis  were  seen.  15+  15 
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The  above  section  shows  that  in  Windsor  Township  there  are  shales 
which  lithologically  are  transitional  from  the  Chagrin  formation  to  the 
Cleveland  shale.  That  is,  there  are  thin  layers  of  black,  tough  shale 
like  the  Cleveland  which  alternate  with  grayish,  soft,  argillaceous 
shales  having  the  lithologic  appearance  of  the  Chagrin.  This  transi- 
tional zone  in  the  Indian  Creek  section  has  a  thickness  of  nearly  7  feet 
and  in  a  measure  probably  agrees  with  the  shale  that  Read  described 
in  Trumbull  Township  as  "gradually  assimilating  to  the  character 
of  the  Erie  shale  [Chagrin]  below."1  It  is  probable  as  these  formations 
are  followed  toward  Pennsylvania  that  shales  with  the  lithologic  charac- 
ter of  the  Chagrin  gradually  alternate  with  the  black  ones  of  the  Cleve- 
land; finally  the  gray  ones  predominate  or  entirely  replace  the  black 
ones  and  in  this  way  the  Cleveland  shale  is  eliminated. 

At  Stoneville,  one  and  one-half  miles  up  Indian  Creek  from  the 
section  just  described,  is  the  Stewart  quarry  in  the  Berea  sandstone 
which  is  located  on  the  bank  of  the  creek  one  and  one-half  miles  north 
of  Windsor  Mills  and  two  miles  northwest  of  Windsor.  This  quarry 
in  September,  1902,  showed  the  following  section: 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

3.     A  little  shale  cover  in  a  few  places  but  mostly  till 

2.     The  top  course  is  composed  of  several  thin  layers,  with  a 

total  thickness  of  1  foot  2  inches 1$      21 

1.  The  remainder  of  the  quarry  is  composed  of  light-gray 
to  bluish-gray,  coarse-grained,  friable  sandstone.  The 
top  course  of  this  good  stone  is  6  feet  thick,  the  next 
one  below,  5  feet,  then  a  5-foot  4-inch  course,  with  a 
3-foot  6-inch  course  at  the  bottom  of  the  quarry, 
making  a  total  thickness  of  19  feet  10  inches  for  this 

massive  stone 19f      19f 

• 

The  foreman  stated  that  a  diamond  drilling  showed  58  feet  of  good 
sandstone  from  the  top  down,  then  3  feet  of  shale  when  sandstone  was 
entered  again.  The  dip  from  this  quarry  to  Windsor  Mills  one  and 
one-half  miles  to  the  south  is  according  to  the  elevations  obtained  by 
the  barometer  25  feet,  or  about  17  feet  per  mile  to  the  south.  The 
stone  was  then  hauled  six  miles  to  Orwell  for  shipment  by  rail. 

Phelps  Creek  Section,  —  Phelps  Creek  proper  'is  formed  in  the 
eastern  part  of  Huntsburg  Township  by  the  junction  of  the  South 
Branch  and  North  Branch.  The  former  rises  in  the  northern  part  of 
Middlefield  Township  and  flows  northeasterly,  the  latter  in  the  southern 
part  of  Montville  Township  and  flows  southeasterly  and  after  their 
junction  Phelps  Creek  flows  easterly  across  the  eastern  central  part  of 
Huntsburg  Township,  and  the  western  central  part  of  Windsor  Township 

'Ibid.,  p.  486. 
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to  Windsor  Mills,  where  it  turns  southeasterly  and  eventually  enters 
Grand  River. 

The  hamlet  of  Huntsburg  is  located  at  about  the  center  of  the  town- 
ship on  high  ground  which  descends  steeply  to  the  eastward  and  is 
underlain  by  the  Sharon  conglomerate  which  outcrops  at  various  lo- 
calities in  the  steep  slope  near  Huntsburg.  A  ledge  of  the  Sharon  con- 
glomerate occurs  near  the  Huntsburg  cheese  factory,  a  short  distance  north 
of  the  hamlet  and  to  the  east  of  the  highway  leading  north  to  Montville. 
The  rock  contains  a  considerable  amount  of  white,  quartz  pebbles 
and  in  texture  varies  from  a  coarse-grained,  brownish  sandstone  to  a 
conglomerate.  In  a  small  run  on  the  Buchanon  farm  to  the  south  of 
the  cheese  factory,  15  feet  or  more  of  the  conglomerate  is  shown  and  the 
base  of  the  outcrop  is  probably  near  the  base  of  the  formation.  The 
upper  portion,  which  has  been  quarried  to  a  small  extent  for  bridge  stone, 
is  a  coarse-grained,  brownish  sandstone,  containing  an  occasional  small 
white  quartz  pebble.  The  lower  portion  of  the  outcrop  is  much 
more  pebbly  than  the  upper  and  some  layers  contain  a  large  number  of 
quartz  pebbles  some  of  which  vary  from  medium  to  fairly  large  size. 
Somewhat  higher  near  the  top  of  the  small  cascade  is  very  marked 
cross-bedding. 

Again  in  the  field  south  of  the  highway,  just  east  of  Huntsburg 
and  near  the  foot  of  the  steep  part  of  the  hill,  is  a  ledge  of  brownish 
sandstone  composed  of  coarse,  rounded  grains  of  quartz  sand  which 
also  contains  some  white  quartz  pebbles.  About  5  feet  is  shown  in  the 
small  quarry  opening,  which  according  to  the  barometer,  is  at  about 
the  same  level  as  the  middle  of  the  ledge  on  the  Buchanon  farm.  This 
rock  is  also  shown  to  some  extent  in  the  road  gutters  farther  down  the 
hill. 

On  the  bank  of  South  Branch  just  below  the  bridge  on  the  east  and 
west  road  one  mile  south  of  the  Huntsburg-Windsor  Mills  highway,  are 
thin,  even-bedded,  blue,  fine-grained  sandstones  alternating  with  shale. 
On  the  eastern  bank  a  few  rods  below  the  bridge  nearly  6  feet  is  shown 
composed  mainly  of  blue  sandstone  but  with  some  blue  shale  partings. 
The  sandstone  is  fine-grained;  but  the  grains  are  largely  quartz  sand  and 
the  color  of  the  rock  is  blue.  Some  of  the  rock  splits  into  thin,  even 
layers  like  flags  and  other  portions  are  thicker  bedded  reaching  a  thick- 
ness of  a  foot  or.  more.  A  few  poorly  preserved  fossils  were  noted  in 
one  of  the  shaly  sandstone  layers,  one  of  which  is  a  species  of  an  Orthis. 
This  zone  has  the  general  lithologic  appearance  of  the  Sharpsville 
sandstones  and  the  comparatively  level  tract  of  country  for  some  distance 
north  and  south  in  this  region  is  probably  held  up  by  them.  The  stream 
was  followed  for  some  distance  below  this  zone,  although  not  to  the  high- 
way a  mile  farther  north,  but  only  alluvial  banks  were  seen.  The  baro- 
meter gave  the  difference  in  altitude  between  the  top  of  this  zone  and 
that  of  the  Berea  sandstone  at  Windsor  Mills,  about  3|  miles  to  the 
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northeast,  as  110  feet  with  an  interval  of  one  and  one-half  hours  between 
the  readings  and  on  the  return  as  90  feet  with  a  difference  in  time  of 
55  minutes  and  a  falling  barometer.  It  is  probable  that  the  Orangeville 
formation  has  a  greater  thickness  than  110  feet  in  this  section  since 
in  Mesopotamia  Township,,  only  about  5J  miles  farther  south,  there  is 
good  evidence  for  considering  it  140  feet  thick 

The  South  Branch,  commencing  some  rods  south  of  the  Hunts- 
burg-Windsor  Mills  road,  was  followed  continuously  until  its  junction 
with  the  North  Branch  and  then  Phelps  Creek  to  Windsor  Mills.  The 
following  section  was  obtained,  but  the  measurements  are  largely 
barometric  and  of  course  subject  to  some  error. 

Section  on  South  Branch  and  Phelps  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

5.  Cuyahoga  terrane.  On  the  South  Branch,  some  rods  south 
of  the  Huntsburg-Windsor  Mills  highway,  are  blackish, 
in  part  argillaceous  shales,  alternating  with  thin  sand- 
stones    5  55  + 

4.  Thin,  blue  sandstone  in  shale,  1  to  2  inches  thick,  exposed 
in  the  creek  bed  a  few  rods  north  of  highway  bridge. 
The  upper  surface  shows  markings  like  those  of  fucoid 
stems.  This  zone  is  160  feet  lower  than  the  lowest 
outcrops  of  the  Sharon  conglomerate  on  the  highway 
east  of  Huntsburg,  according  to  one  barometric  read- 
ing, and  185  feet  according  to  another.  On  a  direct  * 
trip  from  this  zone  to  the  top  of  the  Berea  formation 
at  Windsor  Mills,  the  barometer,  with  a  difference  of 
50  minutes  between  the  readings,  made  the  difference 
in  altitude  55  feet  instead  of  50  feet  as  given  in  this 
section  |  50£ 

3.  Partly  covered  zone;  but  on  bank  of  Phelps  Creek  is  a  shale 
bank,  the  lower  portion  of  which  is  composed  of  fissile, 
black  shale,  with  some  very  thin  layers  of  harder  rock. 
These  harder  layers  are  somewhat  concretionary, 
apparently  calcareous,  and  the  outcrop  very  much  re- 
sembles the  shale  and  concretionary  zone  above  the 
Spirophyton  sandstone,  on  Rocky  River,  to  the  south- 
west of  Cleveland 10  50 

2.  High  bank  on  southern  side  of  Phelps  Creek,  more  than  a 
mile  above  Windsor  Mills,  and  also  above  lane  leading 
north  from  the  school  house,  past  the  house  of  Eldred 
Alderman,  to  the  creek.  The  base  of  this  bank  is  25 
feet  lower  by  the  barometer  than  the  creek,  at  the  bank 
noted  above.  From  35  to  40  feet  above  the  creek  level 
is  a  sandstone  layer  3=*=  inches  thick,  and  above  this 
sandstone  are  rather  numerous  thin,  sandstone  layers, 
alternating  with  shales.  Below  this  3±-inch  sand- 
stone, the  bank  is  composed  of  rather  tough,  black 
shale,  some  of  which  is  rather  gritty  and  the  other  soft 
<ind  argillaceous.  There  are,  however,  a  few  layers  of 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

sandstone  from  a  fraction  of  an  inch  to  perhaps  2  inches 
in  thickness  in  this  part  of  the  bank.  About  15  feet 
higher  than  the  base  of  this  bank,  as  shown  on  the 
northern  side  of  the  creek,  a  few  rods  above  the  swine; 
bridge  on  the  lane,  is  a  thin  sandstone  layer,  apparently 
from  2  to  4  inches  thick,  which  is  the  lowest  one  seen__  10  40 
1.  This  lower  zone  is  composed  entirely  of  fine,  black 
shale,  as  it  appears  on  the  weathered  banks  of  the 
creek.  Below  the  swing  bridge,  on  the  northern  side 
of  the  creek,  is  a  long  bank  of  black  shale,  while  visible 
toward  the  top  of  the  cliff  is  a  thin,  sandstone  zone, 
which  is  the  one  noted  on  the  bank  above  the  swing 
bridge.  This  bank,  below  the  thin  sandstone,  has  the 
typical  appearance  of  the  Brecksville  shale,  dark  in 
color,  with  smooth  face  and  no  projecting  layers. 
This  carries  the  section  down  to  a  sandstone  shown  in 
the  bed  of  the  creek  some  distance  above  Windsor 
Mills,  which  is  regarded  as  the  top  of  the  Berea  forma- 
tion. The  barometer  was  rising  when  this  section  was 
measured,  so  that  between  the  base  of  the  lowest  cliff 
of  black  shale,  and  the  top  of  the  Berea  sandstone,  no 
difference  in  altitude  was  obtained.  Consequently, 
it  is  probable  that  this  zone  of  black  shale  is  some- 
what thicker  than  the  30  feet  that  was  obtained  by 
the  barometer.  The  difference  in  altitude  between 
the  lowest  outcrops  of  the  Sharon  conglomerate,  just 
east  of  Huntsburg,  and  the  top  of  the  Berea  formation, 
in  Windsor  Mills,  is  according  to  the  barometer  about 
215  feet  _.  30+30 


This  section  as  found  on  Phelps  Creek  and  South  Branch  apparently 
shows  that  in  what  corresponds  to  the  Brecksville  shale  of  the  Orange- 
ville  formation  of  this  region  there  are  thin  layers  of  sandstone.  If 
not,  then  the  Orangeville  formation  is  very  thin,  since  it  is  not  much 
more  than  30  feet  from  the  top  of  the  Berea  up  to  the  lowest  thin  sand- 
stone. It  is,  however,  believed  that  the  Orangeville  formation  extends 
up  South  Branch  well  toward  the  upper  sandstone  which  has  already 
been  described,  the  top  of  which  occurs  barometrically  from  90  to  110 
feet  higher  than  the  top  of  the  Berea.  If  this  be  true  then  in  the  eastern 
part  of  the  State  there  are  thin  bluish  sandstone  layers  in  the  upper 
part  of  the  Orangeville  shale;  while  the  even-bedded  blue  Sharpsville 
sandstone  occurs  considerably  higher  than  the  lowest  of  these  thin 
and  somewhat  irregular  blue  sandstones.  These  lower  sandstones, 
however,  are  not  especially  different  from  some  of  the  lower  ones  in  the 
Royalton  formation  as  shown  on  Rocky  River  to  the  south  of  Berea. 
The  occurrence  of  thin  sandstones  in  that  part  of  the  Orangeville  for- 
mation corresponding  to  the  Brecksville  shale  has  already  been  described 
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in  certain  sections,  as  for  example  in  the  stream  above  Stebbins  Gulch 
and  will  be  likewise  noted  in  Walnut  Creek  at  Cortland. 

Phelps  Creek  flows  through  Windsor  Mills  and  has  cut  a  gorge  of 
some  depth,  the  lower  part  of  which  below  the  mill  is  known  as  Warner 
Hollow.  The  hollow  is  the  deepest  part  of  the  gorge  with  steep  banks 
from  40  to  60  feet  or  more  in  height  formed  of  ledges  of  Berea  grit  and 
altogether  making  a  picturesque  ravine.  To  the  north  of  the  iron 
bridge  in  the  hamlet  and  on  the  eastern  bank  of  the  creek  is  the  follow- 
ing section: 

Section  in  Northern  Part  of  Windsor  Mills. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

6.     Soil  bank. 

5.  Weathered  surface  of  layers  which  are  greatly  iron-stained; 
some  fossils  were  found. 

4.  Sunbury  shale.  Thin,  black,  fissile  shale,  which  as  weath- 
ered is  somewhat  brownish,  and  some  of  it  is  grayish, 
with  the  lithologic  appearance  of  the  Sunbury.  Spec- 
imens of  Lingula  melie  Hall  and  Orbiculoidea  herzeri 
Hall  and  Clarke  are  common 5|  17 

3.  Berea  sandstone.  This  stratum  is  believed  to  represent 
the  top  of  the  Berea  formation,  which  is  roughened  from 
the  decomposition  of  iron  pyrites  as  is  generally  the 
condition  of  the  upper  surface  of  the  Berea.  It 
is  a  massive  stratum  of  sandstone,  which  in  places 
splits  into  somewhat  irregular  layers,  composed  of 
quartz  grains  and  containing  much  iron  pyrites.  The 
exposed  edges  of  the  stratum  and  blocks  broken  from 
it  are  very  hard.  Lithologically  it  resembles  the  top 
zone  of  the  Berea  formation  in  Stebbins  Gulch  rather 
than  the  Chardon  sandstone  as  shown  farther  up  that 
stream Ira  11£ 

2.  Zone  of  bluish  shale,  not  black,  which  is  partly  argilla- 
ceous and  partly  arenaceous,  with  thin  lenses  of  sand- 
stone. A  considerable  proportion  of  the  bluish  shale 
is  very  arenaceous,  showing,  when  broken,  that  it  is 
composed  to  a  large  extent  of  fine  quartz  sand.  There 
are  also  very  frequent  sandstone  lenses,  part  of  which 
are  composed  of  the  coarse,  white  quartz  sand  of  the 
Berea,  although  part  of  them  are  rather  fine-grained,  and 
some  are  ripple-marked.  The  lithologic  characters 
of  this  zone  are  much  more  similar  to  those  of  shale 
zones  seen  in  the  Berea  formation,  as  for  example,  on 
Phelps  Creek,  in  the  southeastern  part  of  LeRoy  Town- 
ship, than  any  outcrop  of  Sunbury  shale  that  the  writer 
has  ever  seen.  The  general  appearance  of  the  bank, 
however,  when  seen  at  a  distance  suggests  strikingly 
that  of  the  Sunbury  shale  with  the  Aurora  sandstone 
above.  This  zone  is  thought  to  be  similar  to  the  one 
near  the  top  of  the  Berea  formation  described  in  Steb- 
bins Gulch,  to  the  northwest  of  Chardon;  except 
21— G.  B.  15. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

there  the  subjacent  sandstone  zone  is  4|  feet  thick, 
while  the  shale  zone  has  almost  the  same  thickness, 
viz.,  8  feet  ....  7f        9H 
1.     Massive  sandstone  layers,  not  very  regular,  with  numer- 
ous ripple-marks  to  creek  level 2j        2^ 

A  view  of  this  section  is  given  in  Plate  XXII,  A,  where  the  man 
is  standing  on  top  of  zone  No.  1;  the  shale  zone  No.  2  is  opposite  him 
while  above  is  clearly  shown  the  sandstone  of  zone  No.  3  which  is  re- 
garded as  forming  the  top  of  the  Berea  formation. 

A  little  farther  up  the  creek  on  the  same  side  a  small  gully  shows 
18  feet  of  shale  above  the  sandstone  of  No.  3  in  the  above  section. 
No  fossils  were  found  in  it.  Some  of  the  shale  has  a  rather  bluish  to 
grayish  tint;  but  much  of  it  is  very  black,  especially  in  the  lower  half 
of  the  exposure.  The  laminae  are  apparently  a  little  thicker  in  the 
upper  half;  there  is  also  an  occasional  sandy  layer  and  perhaps  it  is  not  so 
prevailingly  black  in  color.  There  is  apparently  no  decided  lithologic 
break  in  this  bank  of  shale,  although  if  it  were  steeper  and  well  washed, 
perhaps  a  greater  difference  in  lithology  might  be  shown.  The  sand- 
stone shows  a  strong  dip  down  the  stream  in  the  direction  of  S.  about 
60°  E. 

To  the  west  of  the  creek  is  the  excavation,  now  rilled  with  water 
from  6  to  perhaps  20  feet  in  depth,  where  the  Pittsburg  company  opened 
an  extensive  quarry,  which  was  in 'the  massive  stone  of  the  formation, 
the  top  of  which  is  shown  in  No.  1  of  the  above  section,  and  the  company 
planned  for  extensive  operations.  A  branch  railroad  8|  miles  in  length 
was  built  to  Burton ;  but  the  two  leading  men  died  and  it  was 
abandoned. 

On  the  southwestern  side  of  the  quarry  is  a  conspicuous  shale 
bank  which  shows  the  shale  of  No.  2  in  the  above  section  and  the  sand- 
stone of  No.  3  above  which  is  the  black  Sunbury  shale,  probably  15 
feet  of  which  is  shown. 

The  upper  part  of  the  massive  sandstone  and  the  super jacent 
shale  zone  and  sandstone  at  the  top  of  the  Berea  formation  are  well 
shown  on  the  northwestern  bank  of  the  creek  opposite  the  lower  end 
of  the  fall  below  the  dam  and  opposite  Windsor  Mill. 

The  deepest  part  of  the  gorge  is  below  the  mill  and  fall  and  the 
highway  bridge  on  the  north  and  south  road.  This  part  of  the  gorge 
is  known  as  Warner  Hollow  which  affords  fair  exposures  of  the  Berea 
sandstone  and  also  shows  the  subjacent  Bedford  and  Cleveland  for- 
mations. 
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General  Section  of  the  Gorge  in  Warner  Hollow. 

Total 

Thick-     thick- 
ness,      ness. 
No.  Feet,       Feet. 

6.  Top  of  Berea  formation.  The  upper  surface  of  this 
sandstone  is  greatly  pitted  as  weathered,  with  the 
appearance  of  having  contained  many  nodules  of 
iron  pyrite.  It  is  somewhat  irregularly  bedded, 
of  grayish  to  buff  color,  fairly  friable,  and  from  1 
foot  6  inches  to  1  foot  7  inches  thick.  Shown  by 
roadside,  south  of  bridge,  below  Windsor  Mill 1|  129  + 

5.  Shaly  zone,  shown  in  the  road  gutter,  at  the  southern 
end  of  the  bridge.  Bluish-gray,  argillaceous  shale 
with  thin,  interbedded  sandstones,  which  weather 
rather  brownish  in  spots &|  127  § 

4.  Main  portion  of  the  Berea  grit,  which  is  even-bedded, 
the  layers  varying  in  thickness  from  one-half  to  4 
feet.  Some  25  feet  is  shown  on  the  bank  at  the 
highway  bridge,  with  heavy  layers  in  the  middle. 
The  thick  layers,  some  of  which  measure  4  feet, 
are  grayish  to  buff  in  color,  the  buff  showing  numer- 
ous brown  spots,  and  are  friable,  with  the  char- 
acteristic feel  of  the  Berea  grit.  In  the  creek,  a 
little  below  the  bridge,  are  thin-bedded  layers, 
which  are  conspicuously  ripple-marked.  Some  of 
them  are  rather  bluish,  others  brownish  in  color, 
and  the  bluish  ones  are  not  as  friable  as  the 
brownish.  The  bed  of  the  creek,  about  one-fourth 
mile  below  the  bridge,  is  on  the  Berea  sandstone, 
and  according  to  the  barometer,  the  top  of  the 
massive  sandstone  by  the  bridge  is  55  feet  higher 
than  this  exposure  in  the  bed  of  the  stream.  The 
lower  portion  of  the  formation  contains  some  undu- 
lating layers  as  shown  on  the  bank,  and  there  are 
two  somewhat  conspicuous  layers  of  bluish  shale 
shown  above  the  lowest  undulating  layer.  The 
upper  part  of  the  bank,  however,  is  composed  of 
rather  massive  sandstone.  The  contact  of  the 
Berea  and  Bedford  formations  is  shown  near  the 
base  of  a  cascade  in  a  small  run  entering  the  creek 
from  the  west,  and  vthis  section  will  be  fully  de- 
scribed later.  The  barometer  with  an  interval  of 
35  minutes  between  the  readings,  gave  a  differ- 
ence of  60  feet  between  the  top  of  the  formation  on 
the  highway  near  the  bridge,  and  its  base  in  the 

cascade  mentioned  above . 55+       119| 

3.  Bedford  formation.  A  foot  and  7  inches  of  shale  at 
the  top  of  the  formation  is  shown  in  the  cascade. 
The  upper  part  of  the  Bedford  as  here  exposed  is 
crumpled;  but  this  irregularity  does  not  appear  at 
all  in  the  superjacent  Berea  sandstone.  A  few  rods 
farther  down  the  stream  is  a  conspicuous  bank,  the 
lower  part  of  which  is  composed  of  the  Bedford 
formation,  and  the  upper  two-thirds  of  the  Berea. 
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The  Bedford  consists  of  shales,  alternating  with 
sandstones,  which  vary  in  thickness  from  1  to  4  or 
5  inches.  The  Bedford  and  Berea  are  dipping  into 
the  bank  to  the  west  rather  strongly,  so  that  ap- 
parently the  uplift  or  folding  occurred  after  the 
deposition  of  the  Berea  sands.  The  upper  surface 
of  the  Bedford  is  markedly  uneven  at  the  line  of 
contact,  and  the  upper  foot  or  two  has  been  more 
or  less  disturbed.  This  is  clearly  shown  in  some  of 
the  upper  thin,  sandstone  layers,  which  have  been 
broken,  and  the  pieces  pushed  out  of  position. 
Where  there  is  a  depression  in  the  shale,  the  lower 
massive  stratum  of  the  Berea  is  thicker  than  where 
it  rests  on  the  ridge  of  the  Bedford.  In  other  words 
the  base  of  the  Berea  corresponds  with  the  undu- 
lating surface  of  the  Bedford  formation,  with  a 
corresponding  variation  in  the  thickness  of  the 
lowest  stratum  of  the  Berea.  This  structure  re- 
calls the  contact  of  these  two  formations  in  Smith's 
Run,  to  the  southwest  of  Lithopolis,  in  central 
Ohio,  some  account  of  which  the  writer  has  already 
published.1  Two  or  three  rods  farther  down  the 
stream  the  Cleveland  shale  is  shown,  where  it  is 
dipping  at  a  high  angle,  20°  or  more,  S.  30°  W.,  and 
near  the  center  of  the  creek  the  dip  is  apparently 
still  greater.  At  this  locality,  by  level,  up  the 
bank  from  the  top  of  the  Cleveland  to  the  base 
of  the  Berea,  gives  only  about  28  feet  for  the  thick- 
ness of  the  Bedford  formation.  Mr.  Morse  also 
leveled  this  interval  at  this  locality  and  got  28| 
feet  for  the  thickness  of  the  Bedford.  No  cor- 
rection was  made  for  the  dip,  which  is  steep  from 
the  fold  toward  the  bank,  and  this  would  increase 
the  thickness  somewhat;  still  the  horizontal  dis- 
tance is  small,  and  the  bank  steep,  so  that  the 
amount  to  be  added  is  probably  not  great.  It 
appears  that  the  thickness  of  the  Bedford  at  this 
locality  can  not  be  over  35  feet,  and  perhaps  not 
more  than  30.  This  shows  that  erosion  has  cut 
down  into  the  Bedford  deeper  at  this  locality  than 
at  most  others  that  have  been  described. 

Farther  down  the  creek,  where  the  path  leads 
from  the  top  of  the  eastern  bank  down  to  the 
springs  and  pool  at  the  side  of  the  travertine 
rocks,  the  Cleveland  shale,  Bedford  formation  and 
superjacent  Berea  sandstone  are  shown.  The 
Bedford  shale  is  rather  light-gray  in  color,  with 
some  mottled  red  and  gray  at  the  base,  but  lighter 
colored  at  the  top.  The  shale  is  much  disinte- 
grated and  partly  covered  with  soil.  The  con- 


1Am.  Geologist,  Vol.   XXXIV,  1904,  p.  345.     See  particularly  Fig.6  on  pi.  XIX. 
Also  Jour.  Geol.,  Vol.  XX,  1912,  pp.  597-599  and  see  fig.  3  on  p.  599. 
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tact  of  the  Bedford  and  Berea  formations  on  this 
bank  is  an  irregular  line;  but  there  is  no  crumpling 
shown  at  the  top  of  the  Bedford.  As  near  as  could 
be  determined  from  leveling,  the  Bedford  forma- 
tion is  47  feet  thick  as  limited  on  this  bank.  Mr. 
Morse  got  44|  feet  for  this  interval 47  64| 

2.  Cleveland  shale.  Tough,  bituminous  shale,  splitting 
into  even,  slaty  layers,  which  are  characteristic 
of  this  shale,  and  sometimes  weathering  to  a  rusty 
color.  Perhaps  10  feet  of  it  is  shown  at  the  out- 
crop 2  or  3  rods  below  the  Bedford-Berea  cliff,  and 
at  the  lowest  bank  there  is  15  feet  exposed 17£+  17|  + 

1.  Chagrin  formation.  On  the  southern  bank  of  the 
creek,  a  little  farther  down  than  the  travertine 
blocks,  the  top  of  the  Chagrin  formation  is  shown, 
with  tne  black  Cleveland  shale  resting  on  top  of 
it.  At  the  top  of  the  Chagrin  formation  is  a  sand- 
stone zone  with  a  thickness  of  1  foot  3  inches,  which 
splits  into  several  layers.  The  sandstone  is  bluish 
to  grayish  in  color,  the  upper  layer  containing 
numerous  grains  of  iron  pyrites,  so  that  the 
rock  is  greatly  iron-stained  on  the  surface,  and 
worm  trails  or  "fucoidal  markings"  also  occur. 
A  little  lower  are  ripple-marks  and  sun-cracks. 
These  upper  sandstones  are  fossiliferous,  contain- 
ing Spirifer  disjunctus  Sowb.,  Productella,  Cam- 
arotcechia  and  Pelecypods.  A  loose  block  of  sand- 
stone from  Phelps  Creek,  in  Warner  Hollow,  con- 
tained numerous  specimens  of  a  Pelecypod,  which 
was  listed  as  Spenotus  cf.  clavulus  Hall.  This 
sandstone  at  the  top  of  the  Chagrin  is  similar  to 
the  one  at  the  top  of  this  formation  on  Mill  Creek, 
which  is  the  next  stream  to  the  south.  Below  the 
sandstone  are  blue,  arenaceous  shales,  and  thin  sand- 
stones for  a  foot  to  water  level.  Below  the  outcrop 
just  described,  the  banks  are  not  steep,  and  the 
Chagrin  rocks  are  mostly  covered  by  the  blocks 
brought  down  the  stream. 

Three  heavy  layers  of  the  Berea  sandstone  are  shown  in  the  old 
quarry,  just  above  the  bridge  on  the  north  and  south  road,  with  a  total 
thickness  of  19J  feet.  The  thickness  of  the  layers  is  as  follows:  top 
one  5|  feet,  middle  10  feet  and  bottom  4  feet.  According  to  Mr.  Wilson, 
the  miller,  a  drilling  commencing  on  top  of  this  quarry  went  down  50 
feet  before  it  reached  shale  (Bedford  ?).  At  the  four  corners  in  Windsor 
Mills,  a  few  rods  northeast  of  this  bridge,  is  apparently  the  decomposed 
black  Sunbury  shale,  weathered  to  a  rusty  brown  color. 

On  the  banks  of  the  stream  in  Warner  Hollow  some  distance  below 
the  bridge  the  following  zones  were  measured  in  the  lower  part  of  the 
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Berea  sandstone;  but  it  does  not,  however,  extend  as  low  as  the  base 
of  the  formation : 


Section  of  Lower  Part  of  Berea  in  Warner  Hollow. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

5.  Shaly,  sandstone  zone  to  arenaceous  shale  zone,  with  very 
even  beds,  the  layers  from  1  inch  to  less  than  \ 
inch  in  thickness.  Zone  from  3  feet  4  inches  to  3  feet 
8  inches  thick,  showing  ripple-marks 3$  22^ 

4.  Layers  of  thin-bedded  sandstone  from  1  to  2  inches  in  thick- 
ness. Much  ripple-marked;  a  layer  of  clay  is  often 
found  over  the  ripple-marks,  with  pittings  like  those 
made  by  rain  drops 1^  19$ 

3.  Conspicuously  cross-bedded  zone.  Lower  part  shown 
farther  down  the  stream,  with  undulating  layers, 
not  so  strongly  cross-bedded,  and  with  ripple-marks. 
Coarse-grained,  quartz  sandstone,  with  brown  spots. 
Sun-cracks  shown  at  the  base 7|±  17  f 

2.  Bluish  shale  with  lenticular  lenses  of  coarse-grained,  bluish 

sandstone.  Shale  in  places  is  argillaceous If  10j 

1.  Massive,  coarse-grained  sandstone,  some  of  it  with  cross- 
bedding .__  8£  8£ 

A  run  enters  Phelps  Creek  from  the  west  in  Warner  Hollow  and  only 
a  few  rods  from  its  mouth  is  a  cascade  of  some  height  over  the  Berea 
sandstone  with  the  upper  part  of  the  Bedford  formation  shown  at  its  base. 
A  section  was  leveled  up  this  run  by  Mr.  Morse  and  across  the  highway 
to  the  bank  on  the  opposite  side  in  which  the  Sunbury  shale  occurs. 


Section  up  Western  Run  in  Warner  Hollow. 

Total 

Thick-  thick- 
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15.  Sunbury  black  shale.  The  lower  part  is  shown  as  a  weath- 
ered bank  above  the  highway  cutting,  which  is  just 
south  of  the  run 

14.  Berea  formation.  Coarse-grained,  rusty  sandstone,  3| 
inches  thick.  This  sandstone  is  also  shown  in  the 
gutter  on  the  opposite  side  of  the  road  to  the  north  of 
the  run,  with  black,  weathered  shale  above  and  are- 
naceous shale  below.  This  zone  evidently  corre- 
sponds to  the  one  described  by  the  roadside  just  south 
of  the  bridge  over  Phelps  Creek,  about  one-half  mile 
farther  north,  where  it  has  a  thickness  of  1|  feet j  4-  64' 

13.  Arenaceous  and  argillaceous  shale  zone,  the  arenaceous 
predominating,  in  cutting  by  highway.  Four  and  one- 
half  feet  of  this  shale  is  shown  here,  and  then  on  the 
opposite  side  of  the  road  is  a  covered  interval  of  2  feet  7 
inches  down  to  the  top  of  a  thick-bedded  sandstone.  By 
the  roadside,  at  the  bridge  mentioned  above,  is  a 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

shaly  zone  8  feet  2  inches  thick,  which  probably  rep- 
resents the  shale  zone  and  covered  interval  just  de- 
scribed in  this  section 4£ 

12.     Covered   interval,   probably   shale,    similar  to   the   zone 

above 2 

11.     Thick-bedded  layer l£      57 

10.     Thin-bedded  sandstone,  ripple-marked If      55f 

9.     Shale  zone  §      53H 

8.     More  or  less  massive  sandstone,  extending  nearly  to  the 

top  of  the  bank   18§      53£ 

7.     Arenaceous  shales  to  shaly  sandstone 1        34^ 

6.     Thin-bedded,  ripple-marked  sandstone 5J      33^ 

5.     Layer  splitting  into  several  thin  ones §      28J 

4.     Shaly  sandstone  zone 1£      27^ 

3.  Fairly  massive,  coarse-grained  sandstone,  which  is  some- 
what contorted  and  cross-bedded  17  26-^- 

2.  Thin-bedded  sandstone,  extending  to  the  base  of  the  forma- 
tion. The  lowest  H  feet  typical,  massive,  coarse- 
grained, quartz  sandstone  7f  9^ 

1.  Bedford  formation.  Bluish  shales  shown  in  the  cascade 
directly  beneath  the  massive  Berea  sandstone,  which 
in  the  upper  part  are  somewhat  crumpled.  On  the 
bank  of  the  run  below  the  cascade  several  feet  of  the 
upper  Bedford,  mostly  shales,  are  exposed  below  which 
is  a  covered  interval  to  the  level  of  Phelps  Creek;  but 
these  two  lower  zones  were  not  measured 1^  1-& 

In  the  above  section  it  will  be  seen  that  the  Berea  formation  has 
a  thickness  of  almost  63  feet,  and  as  this  was  obtained  by  careful  level- 
ing, it  may  be  accepted  for  the  general  thickness  of  this  formation  in 
Warner  Hollow.  The  barometer  with  an  interval  of  only  10  minutes 
between  the  readings  gave  65  feet  for  the  thickness  of  the  Berea 
in  the  above  section.  This  thickness  of  63  feet  for  the  Berea 
formation  near  Windsor  Mills  is  greater  than  that  given  by  Read  for 
this  locality.  His  statement  in  the  "Geology  of  Ashtabula  County" 
is  that  "the  best  exposures  [of  this  formation]  are  at  Windsor  Mills 
where  the  stream  has  cut  a  channel  thirty  to  forty  feet  deep  through 
the  rock,  and  where  it  has  been  quarried  for  many  years  for  local  use."1 

Just  a  little  below  the  mouth  of  the  run  above  described  there  is 
an  uplift  on  Phelps  Creek,  which  has  brought  up  the  base  of  the  Bed- 
ford formation  and  the  Cleveland  shale.  The  contact  of  the  two  forma- 
tions is  shown  in  this  anticlinal  fold  near  the  southern  (western)  edge 
of  the  creek,  and  in  a  few  inches  at  the  base  of  the  Bedford  there  are 
fossils  as  Syringothyris,  Lingula,  Microdon,  etc.  In  the  black  shale, 
apparently  at  the  top  of  the  Cleveland,  are  specimens  of  both  a  large  and 

1Geol.  Surv.  Ohio,  Vol.  I,  p.  484. 
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small  form  of  Lingula,  and  the  majority. of  the  larger  Lingulas  lie  cross- 
wise of  the  bedding  of  the  shale. 

A  short  distance  below  this  uplift  is  the  cliff  on  the  southern 
(western)  bank  of  Phelps  Creek,  where  the  very  interesting  contact 
of  the  Bedford  and  Berea  formations  occurs,  which  has  been  partly 
described  in  the  general  section  of  Warner  Hollow.  The  section  of 
this  cliff  is  as  follows: 

Section  of  Contact  Cliff  of  Bedford  and  Berea  Formations. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

4.  Berea  sandstone.  It  forms  the  upper  part  of  the  cliff,  and 
the  lower  layer,  which  is  massive,  is  in  contact  with 
the  Bedford.  Thickness  not  measured;  but  estimated 
as  40  feet  or  more 40  54  £ 

3.  Bedford  formation.  Zone  of  shales  and  thin  sandstones 
of  varying  thickness,  due  to  removal  of  more  or  less  of 
its  upper  portion.  At  the  upper  end  of  the  cliff  only 
the  lower  7  inches  of  the  zone  is  preserved,  while  at 
the  lower  end  this  zone  is  about  4  feet  thick 3  ±  14 $ 

2.     Fine-grained  sandstone,  varying  in  thickness  from  3|  to 

4  inches §      11$ 

1.  Blue  shales,  both  argillaceous  and  arenaceous,  with  layers 
of  thin  sandstone,  some  of  which  are  6  inches  thick. 
Below  these  shales  talus  slope  to  level  of  old  channel 
of  creek;  but  it  was  not  measured 11  11 

The  contact  between  the  Bedford  and  Berea  formations  is  excel- 
lently shown  in  this  cliff  as  well  as  the  conspicuous  variation  in  the 
thickness  of  the  upper  portion  of  the  Bedford  formation  due  to  ero- 
sion. The  4-inch  sandstone  of  zone  No.  2  in  the  above  section  may  be 
readily  followed  from  the  upper  (northern)  end  of  the  cliff  for  some 
distance  across  its  face.  At  the  upper  end,  near  the  small  gully,  there 
is  an  interval  of  7  inches  of  blue  shale  from  the  base  of  the  Berea  coarse 
sandstone  (zone  No.  4)  down  to  the  top  of  the  4-inch  sandstone  (zone 
No.  2).  Plate  XXI  of  the  upper  end  of  this  cliff  shows  the  contact  of 
the  Bedford  and  Berea  formations,  which  is  indicated  by  the  hammer, 
while  Mr.  Morse's  left  hand  rests  on  the  4-inch  sandstone  of  zone  No. 
2.  At  a  distance  of  6  feet  nlong  the  face  of  the  cliff  from  its  upper  end 
this  interval  (zone  No.  3)  has  increased  |p  thickness  to  1  foot  10  inches. 
At  a  distance  of  14  feet  from  the  first  measurement  this  interval  is  3 
feet  or  more  in  thickness,  showing  an  increase  above  the  lower  7  inches 
noted  at  the  upper  end  of  the  cliff  of  2f  feet  in  a  horizontal  distance 
of  14  feet,  while  farther  along  the  cliff  toward  the  lower  end  it  becomes 
greater,  but  this  was  not  reached  for  exact  measurement.  In  the  shales 
above  the  4-inch  sandstone  (zone  No.  2),  as  followed  across  the  cliff  toward 
the  lower  end,  additional  thin  sandstones  appear,  which  have  been  cut 
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away  by  erosion  at  the  upper  end  of  the  cliff.  Near  the  lower  end  there  is 
a  sandstone  in  the  upper  part  of  the  Bedford,  which  is  fully  6  inches 
thick,  and  at  this  end  it  must  be  fully  4  feet  from  the  horizon  of  the 
4-inch  sandstone  up  to  the  base  of  the  Berea.  Here  and  there  on  the 
cliff  there  is  more  or  less  crumpling  in  the  upper  layers  of  the  Bedford 
and  at  one  place  apparently  a  sandstone  dike  filled  with  coarse  sand 
like  that  of  the  Berea.  Probably  this  was  an  open  joint  in  the  upper 
part  of  the  Bedford  filled  with  the  coarse  sand  of  the  Berea  when  that 
formation  was  deposited. 

The  upper  surface  of  the  lower  massive  layer  of  the  Berea  is  about 
horizontal,  while  the  under  surface  is  uneven,  corresponding  to  the  in- 
equalities of  the  upper  surface  of  the  Bedford.  This  makes  the  thickness 
of  the  lower  layer  of  the  Berea  uneven,  corresponding  in  a  way  with 
that  of  the  Berea  as  shown  on  Smith's  Run,  southwest  of  Lithopolis 
in  central  Ohio,  and  which  the  writer  has  described  in  a  former  paper.1 
This  cliff  appears  to  show  unquestionably  that  there  is  a  disconform- 
ity  between  the  Bedford  and  Berea  formations. 

The  uplift  has  raised  the  Berea,  pitching  it  into  the  bank  so  that 
it  appears  to  be  shown  that  the  folding  occurred  after  the  deposition 
of  the  Berea.  The  axis  of  the  fold  apparently  extends  in  an  easterly 
and  westerly  direction. 

The  Cleveland  black  shale  is  exposed  in  the  creek  opposite  the  cliff 
where  near  the  center  of  the  stream  it  is  dipping  very  strongly  to  the 
south.  More  of  the  shale  is  shown  on  the  southern  bank  of  the  stream 
a  few  yards  below  the  cliff.  As  already  stated,  at  this  locality  the  writer 
obtained  28  feet  for  the  thickness  of  the  Bedford  and  Mr.  Morse 
28  J  feet.  This  measurement  does  not  include  any  correction  for  the 
dip,  so  that  it  is  quite  probable  that  there  is  some  30  feet  and  perhaps 
as  much  as  35  feet  of  the  formation  left  at  this  locality  or  not  much 
more  than  its  lower  half. 

Some  distance  down  the  creek  from  the  contact  cliff  is  a  bank  on 
its  northern  side,  the  lower  part  of  which  is  composed  of  Bedford  shales 
and  thin  sandstones,  some  of  the  layers  of  sandstone  from  2  to  4  or  5 
inches  thick,  with  massive  Berea  sandstone  above.  The  contact  of 
the  two  formations  is  not  clearly  shown  and  it  adds  nothing  to  our 
information  concerning  the  dis  conformity.  The  Bedford  shales 
and  sandstones  are  dipping  into  the  bank  away  from  the  creek  in  a 
direction  more  or  less  opposite,  to  that  of  the  layers  in  the  contact  cliff 
on  trie  opposite  bank  farther  up  stream.  This  appears  to  show  that 
the  axis  of  this  fold  has  been  cut  out  to  a  considerable  extent  by  this 
stream  which  it  follows.  Somewhat  farther  down  the  creek  the  Cleve- 
land shale  occurs  in  its  bed  with  the  axis  crossing  it,  and  toward  the 
lower  end  of  the  outcrop  there  is  not  a  heavy  dip. 

JAm.  Geologist.  Vol.  XXXIV,  1905,  pi.  XIX,  fig.  6  and  see  p.  345  under  the  de- 
scription of  the  Berea  sandstone.  Also  see  paper  on  "The  disconformity  between  the 
Bedford  and  Berea  formations  in  central  Ohio,"  Jour.  Geol.,  Vol.  XX,  19 12.  pp. 597-599. 
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On  the  northern  bank  of  the  creek  above  the  travertine  blocks  17 \ 
feet  of  Cleveland  shale  is  exposed.  There  is  fully  this  thickness,  for  the 
base  is  not.  shown,  although  the  base  of  the  outcrop  is  probably  not 
much  above  the  Chagrin ;  and  the  contact  with  the  Bedford  is  also  cov- 
ered, although  it  is  probably  not  more  than  a  foot  or  so  higher. 

Below  the  travertine  rocks  on  the  southern  bank  of  the  stream  is 
an  outcrop  showing  the  contact  of  the  Chagrin  formation  and  the  Cleve- 
land shale  as  has  been  described  in  the  general  section.  At  this  local- 
ity the  rocks  are  dipping  N.  20°  E.,  so  that  the  axis  of  the  anticline  is 
to  the  south  of  the  creek.  . 

The  northern  bank  of  the  stream  just  above  the  travertine  blocks 
was  leveled  by  Mr.  Morse,  where  the  following  section  was  obtained: 

Section  of  Bank  of  Warner  Hollow  at  Travertine  Rocks. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

3.  Berea  sandstone.  Top  of  exposure  as  shown  near  brink 
of  cliff  above  the  springs  and  contact  of  the  two  forma- 
tions. Mainly  coarse-grained  quartz  sandstone,  which 
is  rather  massive.  At  base  6  to  7  inches  of  very  thin- 
bedded,  more  or  less  lenticular,  layers  of  coarse  sand- 
stone, alternating  with  shaly  material.  Thickness 
46|  feet  by  level,  and  45  feet  by  barometer ___  46|  108! 

2.  Bedford  formation.  Blue,  argillaceous  and  arenaceous 
shales,  with  layers  of  rather  thin,  blue,  compact,  fine- 
grained sandstone.  For  this  interval  Mr.  Morse  ob- 
tained a  thickness  of  44!  feet  and  the  writer  47  feet,  but 
it  is  thought  that  in  the  latter  measurement  the  base 
of  the  formation  was  taken  a  little  lower,  since  at 
that  time  only  14  feet  of  Cleveland  shale  was  shown 44!  62 

1.  Cleveland  shale.  Black,  bituminous  shale  to  creek  level 
at  the  pool.  From  the  creek  level  at  this  point  to  the 
base  of  the  Berea  in  the  cliff  above,  was  62  feet  as  lev- 
eled, and  60  feet  by  the  barometer 17!  +  17|  + 

In  the  cliff  above  the  travertine  rocks  the  contact  of  the  Bedford 
and  Berea  formations  is  clearly  shown.  This  section  is  not  more  than 
one-eighth  of  a  mile  down  the  stream  from  the  "contact  cliff"  on  its 
opposite  bank,  where  it  does  not  appear  that  the  thickness  of  the  Bed- 
ford formation  is  over  35  feet,  while  on  this  bank  it  is  44  J  feet  or  more. 

A  thin  sandstone  layer  in  the  upper  part  of  the  Bedford  formation 
near  the  eastern  end  of  the  exposed  contact  dips  about  6°,  and  at  the 
western  end  a  higher  thin  sandstone  is  dipping  6|°  N.  110°  W.  The 
3-  to  4-inch  Bedford  sandstone  on  the  western  side  of  the  cliff  upon 
which  the  dip  was  measured,  is  faulted  at  places  with  both  normal  and 
reversed  faults.  At  one  place  in  the  reversed  fault  there  is  a  displace- 
ment (throw)  of  1  foot  9  inches.  On  the  3-  to  4-inch  sandstone  layer, 
where  it  is  carried  up  by  the  reversed  fault,  the  dip  is  about  8°  N.  110° 
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W.  Near  the  eastern  end  of  this  sandstone  the  thickness  of  the  inter- 
val from  its  top  to  the  lowest  thin-bedded  Berea  sandstone  is  2  feet  5 
inches,  and  at  the  western  end  of  the  bank  with  a  horizontal  distance 
of  5^  feet  to  6  feet,  the  interval  is  3  feet  10  inches,  or  I  foot  5  inches 
more  than  at  the  other  end  of  the  outcrop. 

At  the  base  of  the  Berea  in  this  cliff  are  6  to  7  inches  of  thin-bedded 
coarse-grained  quartz  sandstones  alternating  with  shaly  material  be- 
fore reaching  the  conspicuous  coarse-grained  layers.  The  lower  por- 
tion of  the  formation,  however,  is  composed  of  layers  more  or  less  thin- 
bedded,  showing  numerous  ripple-marks.  The  lower  layers  of  the 
Berea  lie  about  horizontal,  the  variation  being  too  slight  to  read  on  a 
clinometer. 

This  cliff  seems  to  show  conclusively  that  at  the  contact  of  the 
Bedford  and  Berea  formations  the  Bedford  had  been  elevated  and 
planed  off  before  the  Berea  was  deposited  on  its  beveled  edges  so  that 
there  is  a  disconformity  between  the  two  formations.  There  is  some 
irregularity  in  the  surface  of  the  Bedford  so  that  the  base  of  the  Berea 
is  not  strictly  a  smooth  and  straight  line;  but  it  conforms  to  the  uneven 
surface  of  the  Berea  upon  which  it  lies  more  or  less  horizontally. 

This  glen  is  a  most  interesting  one  for  studying  the  contact  be- 
tween the  Bedford  and  Berea  formations.  It  shows  in  the  lower  sec- 
tion apparently  a  disturbance  preceding  the  deposition  of  the  Berea 
sandstone,  when  the  Bedford  shales  were  tilted,  while  their  upper  sur- 
face is  uneven,  apparently  due  to  erosion,  and  shows  a  disconform- 
able  contact.  At  the  upper,  or  contact  cliff,  it  appeared  to  the  writer 
that  the  Berea  as  well  as  the  Bedford  was  pitching  into  the  bank;  but 
there  is  a  conspicuously  uneven  surface  of  the  Bedford  showing  a  marked 
disconformity  between  the  formations.  There  appears  to  be  an  anti- 
clinal fold  in  the  Bedford  opposite  the  .upper  cliff  which  the  creek  has 
cut  through,  and  at  this  locality  the  upper  part  of  the  formation,  as 
shown  about  one-eighth  of  a  mile  farther  down  the  stream,  is  wanting. 
At  the  upper  cliff  there  is  apparently  not  much  more  than  30  feet  of 
the  Bedford  formation  left,  wrhile  the  lower  bank  shows  44J  feet  or 
more. 

From  the  several  sections  described  along  Phelps  Creek  and  then 
up  to  the  Sharon  conglomerate  as  exposed  at  Huntsburg,  the  following 
section  has  been  compiled,  which  is  arranged  in  diagrammatic  form. 
The  thickness  of  the  Oraiigeville  formation  and  of  the  covered  interval 
from  the  Sharpsville  sandstone  to  the  Sharon  conglomerate  were  ob- 
tained by  the  barometer  and  are  not  as  accurate  as  might  be  desired, 
because  conditions  were  somewhat  unfavorable. 
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General  Section  of  Formations  from  Warner  Hollow  to  Huntsburg. 
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Berea  formation. 
Thickness  65 
feet 


Blackish  shales,  with  some  thin 

sandstones 

Sandstone  layer  2  to  4  inches 
Clear  black  shale 

Upper  sandstone 

Shale  zone 

Main  mass  of  Berea  sandstone 

Bedford  formation 

Cleveland  shale 

Chagrin  formation 


Mill  Creek  and  Well  Sections*  —  Mill  Creek  flows  across  the 
southwestern  part  of  Windsor  Township  and  crosses  the  north  and 
south  road  about  1.7  miles  south  of  Windsor  Mills.  The  Berea  sand- 
stone is  shown  on  the  Charles  Howard  farm  just  east  of  the  highway, 
and  the  creek  was  followed  for  about  three-fourths  of  a  mile  until  the 
east  and  west  or  Cassa  Springs  road  was  reached  on  the  Wm.  Woodruff 
farm.  The  banks  of  Mill  Creek  between  the  two  roads  for  a  consider- 
able part  of  the  distance  are  formed  of  outcrops  of  the  Paleozoic  rocks. 
Below  the  Cassa  Springs  road  the  valley  broadens;  but  there  are  banks 
from  25  to  35  feet  in  height  which  are  composed  of  blue  boulder  cla> 
and  sand  with  the  clay  at  the  bottom.  The  following  section  was 
prepared  from  outcrops  in  the  stream  and  on  its  banks: 

Section  on  Mill  Creek. 


No. 

5. 


4. 


Total 

Thick-  thick- 
ness, ness. 
Feet.  Feet. 


Sunbury  shale.  It  is  shown  on  the  highway  just  north  of 
Mill  Creek  and  the  former  house  of  Mr.  Emory  Jones, 
but  that  of  B.  L.  King  in  the  summer  of  1909. 

Berea  sandstone.  The  top  of  the  formation  is  shown  in 
the  creek  just  east  of  the  highway  and  house  of  Mr. 
King.  As  a  rule,  the  Berea  is  rather  thin-bedded  along 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

this  stream  where  it  forms  its  bed  and  banks  for  some 
distance.  Much  of  it  is  ripple-marked  and  there  is 
more  or  less  cross-bedding.  There  is  a  thin  shale  zone 
toward  its  top;  but  not  such  a  conspicuous  one  as  at 
Windsor  Mills.  The  lower  part  of  the  Berea  is  a 
thicker  bedded  sandstone,  while  the  basal  5  feet  or  so 
is  a  massive  one.  Oil  oozes  out  of  the  sandstone  at 
various  places  along  the  creek,  and  formerly  oil  was 
collected  from  shallow  wells  in  this  valley,  some  of 
them  from  50  to  80  feet  in  depth.  The  contact  of  the 
Berea  and  Bedford  formations  is  shown  on  the  southern 
bank  of  the  creek,  some  rods  down  the  stream  from  the 
fall,  where  was  formerly  a  mill.  One  reading  of  the 
barometer  gave  90  feet  for  the  thickness  of  the  Berea 
and  another  70  feet;  but  its  thickness  in  the  well  on  the 
Emory  E.  Jones  (now  King)  farm  is  given  as  80  feet, 
which  is  probably  the  more  accurate 80  135 

3.  Bedford  formation.  On  the  bank  where  the  contact  of 
the  Berea  and  Bedford  formations  is  shown,  there  are 
2  feet  or  more  of  Bedford  blue  shale  and  thin  sandstones 
below  the  Berea.  In  the  upper  part  of  the  formation, 
some  15  feet  of  grayish  and  bluish,  argillaceous  shale 
is  shown  on  the  creek  bank.  Farther  down  the  stream 
is  a  bank  that  shows  the  lower  part  of  the  formation, 
where  there  is  more  than  12  feet  of  olive,  argillaceous 
shale,  below  which  is  a  6-inch  sandstone,  and  then  an 
8-inch  layer  of  sandy  shale  marks  the  bottom  of  the 
formation 35  55 

2.  Cleveland  shale.  On  the  bank  just  described,  14  feet  of 
black,  compact,  bituminous  shale  underlies  the  sandy 
shales  at  the  base  of  the  Bedford  formation.  The 
layers  of  this  shale  are  rather  thick,  and  perhaps  there 
is  2  feet  more  of  it  before  reaching  the  Chagrin  sand- 
stone    16±  20 

1.  Chagrin  formation.  Bluish,  micaceous  sandstone,  with 
numerous  "fucoidal  markings."  A  little  farther  down 
the  creek,  perhaps  8  feet  of  the  upper  part  of  this  forma- 
tion is  shown 4  4 

The  above  section  shows  that  the  thickness  of  both  the  Cleveland 
shale  and  the  Bedford  formation  decreases  as  they  are  followed  across 
the  eastern  part  of  the  State.  Messrs.  Homer  and  Emory  E.  Jones 
reported  that  on  the  bank  of  the  creek  to  the  east  of  the  Emory 
Jones  farm  on  the  farm  of  Charles  Howard  is  an  oil  spring,  and  that  a 
number  of  shallow  wells  have  been  drilled  in  the  Berea  grit  on  this 
farm,  which  yielded  lubricating  oil.  These  wells  varied  in  depth  from 
35  to  54  feet.  There  are  certain  rather  soft  layers  in  the  upper  and 
middle  portions  of  the  Berea  at  this  locality  which  contain  oil.  It 
comes  to  the  surface  along  the  banks  and  in  the  joints,  in  the  bed  of 
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Mill  Creek,  and  dried  oil  is  frequently  shown  on  the  edges  of  these 
layers.  The  intervening  layers  do  not  contain  oil;  neither  is  it  found 
in  the  lower  portion  of  the  formation.  The  majority  of  the  wells  were 
drilled  along  the  creek,  and  one  of  them  yielded  2,000  gallons  of  oil, 
which  was  sold  for  from  35  to  40  cents  per  gallon,  thereby  bringing 
the  owner  between  $700  and  $800.  At  one  point  years  ago  a  drift 
was  carried  into  the  bank,  about  20  feet  above  the  base  of  the  for- 
mation, in  the  hope  of  obtaining  oil. 

In  the  fall  of  1902  a  well  was  drilled  on  the  Emory  E.  Jones  farm 
(now  owned  by  B.  L.  King)  to  the  depth  of  2,467  feet,  which  is  located 
near  the  farm  buildings.  The  Sunbury  shale  is  shown  on  the  highway 
at  a  lower  level  than  the  mouth  of  this  well,  so  that  apparently  the 
first  black  shale  struck  in  it  belongs  to  the  Sunbury.  This  well  was 
drilled  by  Mr.  J.  C.  Mastick,  who  furnished  a  partial  record  of  it.  His 
account  is  supplemented  somewhat  by  information  furnished  by 
Mr.  Emory  E.  Jones,  together  with  the  writer's  examination  of  samples 
of  drillings  from  a  depth  of  1,380,  1,750,  2,000  and  2,165  feet. 
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Section  of  Well  on  the  Emory  E.  Jones  (now  King}  Farm  One  and  One- 
half  Miles  South  of  Windsor  Mills. 


Mouth  of  well 

Soil,  till  and  boulder  clay 


0' 

20' 

20' 

£\J 

5' 

76' 

101' 

—  ,  —  .  — 

1' 

102' 

1278' 

1380' 

1' 

1381' 



25' 

1406' 

89' 

1495' 

250' 

1745' 

262' 

2007' 

21' 

2028' 

97' 

2125  ' 

342' 

2467' 

Black  shale,  Sunbury 

Rusty  layer  at  top  of  Berea 
Berea  grit 

Layer  of  soft  shale 

Alternating  light  and  dark  shale 

Sample  at  1380'  composed  mainly  of  argilla- 
ceous shale.  Most  of  the  chips  have  a  white 
streak;  but  some  have  a  slightly  brownish  one 

Thin  layer  of  sandstone 
Dark  colored  shale 
Light  colored  shale 

Reddish-brown  shale 

Sample  at  1750'  composed  of  argillaceous  shale, 

with  white  streak 
Lighter  colored  shale 

"Sandstone"  of  Mr.  Mastick 

Sample  at  2000 '  composed  of  black,  compact 
shale,  which  is  somewhat  calcareous  with 
brownish  streak 

Sample  at  2165 '  composed  of  light-gray,  fine 
chips,  which  effervesce  strongly  in  cold  HC1. 
This  sample  is  apparently  from  the  Devonian 
limestone 

Limestone  of  Mr.  Mastick 

Bottom  of  well 


Mr.  Jones  reported  that  the  limestone  was  struck  at  2,000  feet; 
but  this  appears  to  be  an  error,  since  the  sample  from  that  depth  re- 
ceived from  him  consists  of  black  compact  shale.  Samples,  however, 
were  shown  the  writer  at  the  well  when  it  was  reported  as  2,066  feet 
deep,  which  consisted  of  dark  gray  calcareous  chips  that  had  all  the 
lithologic  appearance  of  the  Devonian  limestone.  This  seems  to  show 
that  the  sample  from  2,165  feet  was  below  the  top  of  the  Devonian 
limestone.  Still  if  the  top  of  the  Devonian  limestone. is  not  reached 


320  DEVONIAN   AND   MISSISSIPPIAN 

until  at  a  depth  of  2,165  feet,  then  the  interval  from  the  base  of  the 
Berea  grit  to  the  top  of  the  Devonian  limestone,  or  the  thickness  of 
the  Bedford  and  Ohio  shales,  is  but  2,064  feet;  while  in  the  Hadsell 
well  near  Cortland,  some  16  miles  to  the  southeast,  as  reported  by  Dr. 
Bownocker,  the  same  interval  is  2,396  feet1  or  332  feet  greater.  Mr. 
Jones  reported  that  from  2,200  to  about  2,400  feet  there  was  flint  in 
the  limestone,  which  looked  like  arrow  heads,  but  from  2,400  feet  there 
was  a  change  and  the  rock  was  not  quite  so  hard  and  was  of  a  darker 
color.  Mr.  Mastick  gave  the  following  information  concerning  the 
occurrence  of  oil  and  gas  in  the  well.  At  a  depth  of  92  feet  oil  and 
gas  in  the  Berea  sandstone;  at  1,380  and  1,495  oil  in  the  Ohio  shale; 
at  2,007  oil  and  gas;  at  2,125  oil;  at  2,160  oil  and  gas;  at  2,250  gas, 
and  at  2,430  oil.  No  salt  water  was  struck.  Mr.  Lamsom,  of  Mid- 
dlefield,  who  owns  the  farm  adjoining  that  of  Emory  E.  Jones,  reported 
that  near  the  bottom  of  the  well  8  feet  of  oil  sand  was  parsed  through. 
Mr.  Mastick  reported  oU  at  a  depth  of  2.430  feet,  and  if  the  top  of  the 
Devonian  limestone  was  reached  at  about  2,066  feet,  then  the  inter- 
val from  the  top  of  the  Devonian  limestone  to  the  oil-bearing  sand- 
stone is  about  364  feet.  This  is  about  36  feet  less  than  the  thickness 
for  the  same  interval  on  the  Hermitage  farm  near  Little  Mountain; 
but  is  identical  with  the  thickness  of  this  interval  in  the  Jewett  farm 
well,  south  of  Cleveland,  while  in  the  Euclid  well,  east  of  Cleveland, 
it  is  but  372  feet. 

Two  streams  south  of  the  Jones  farm  cut  into  the  Brecksville 
shale,  which  is  fairly  well  exposed  in  their  banks  both  above  and  be- 
low the  north  and  south  road. 

A  well  drilled  for  water  at  the  creamery  in  Windsor,  which  is  one  and 
one-half  miles  east  of  Windsor  Mills,  is  230  feet  deep.  There  was  some 
flow  of  gas  which  was  followed  by  salt  water.  It  was  reported  that  gas 
would  flow  for  a  time,  when  it  would  spout  water  to  a  height  of  perhaps 
18  or  20  feet,  and  then  after  a  time  gas  would  flow  again.  The  lower 
and  greater  part  of  this  well  is  in  the  Chagrin  formation. 

Traction  Cut  and  Andrews  Creek  Section*  —  Mesopotamia  Town- 
ship adjoins  Windsor  Township  on  the  south,  and  in  its  western  part, 
in  descending  from  the  higher  land  to  near  the  level  of  the  Grand 
River  Valley,  are  the  rather  extensive  cuts  on  the  Cleveland  and  Sharon 
Traction  road  and  the  exposures  in  Andrews  Creek.  The  Andrews 
Creek  gorge  is  some  4  miles  southwest  of  Mill  Creek  at  the  Jones 
farm.  On  the  eastern  escarpment  of  the  plateau  and  on  the  high 
ground  to  the  north  of  the  creek  are  the  traction  cuts,  the  highest  of 
which  begins  near  the  western  line  of  Mesopotamia  Township,  oppo- 
site the  W.  J.  Griffin  farm,  nearly  4  miles  east  of  Middlefield  and  2  + 
miles  west  of  Mesopotamia.  At  this  writing  the  company  has  not 
completed  the  road;  but  these  cuts  for  the  proposed  road  while  new 
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afforded  an  excellent  opportunity  for  studying  a  considerable  part 
of  the  Cuyahoga  terrane.  The  cuts  are  in  the  Sharpsville  sandstone 
and  shales  of  the  Pennsylvania  classification,  which  immediately  suc- 
ceed the  Orange ville  formation,  and  when  fresh  afforded  one  of  the 
best  localities  for  studying  the  Sharpsville  that  the  writer  has  seen 
in  eastern  Ohio. 

Section  of  Cleveland  and  Sharon  Traction  Road  Cuts  and  Andrews  Creek. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

9.     Soil. 

8.  Upper  Sharpsville  sandstone.  Thin-bedded,  flaggy,  fine- 
grained sandstone,  the  layers  of  which  vary  from  1  to 
3  inches  in  the  lower  part.  The  color  as  weathered  is 
mainly  buff,  but  on  fresh  exposure  sometimes  bluish, 
although  when  dry,  generally  light  gray.  This  zone 
is  shown  in  the  small  run  and  upper  cut,  where  10  feet 
is  exposed,  according  to  both  the  hand-level  and  barom- 
eter    10  323 

7.  Sharpsville  shale.  Upper  part  of  this  member  contains 
many  more  layers  of  thin  sandstone  than  occur  in  the 
lower,  and  the  change  is  gradual  from  the  upper  sand- 
stone. Lower  portion  composed  almost  entirely  of 
blue,  arenaceous  shale,  with  thin  layers  of  sandstone. 
The  fossils  are  probably  most  abundant  in  the  calca- 
reous layers  of  these  shales.  The  thickness  of  this 
member  is  25  feet  by  both  the  hand-level  and  barometer.  25  313 

6.  Lower  Sharpsville  sandstone.  Mainlv  light  gray,  fine- 
grained, micaceous  sandstones,  separated  by  layers  of 
blue,  arenaceous  shales;  sandstone  layers  from  3  to  8 
inches  in  thickness,  with  occasionally  a  thick  one  from 
If  to  perhaps  2  feet.  An  occasional  layer  of  sandstone 
has  a  decidedly  mamillated  appearance,  covering  large 
blocks  of  fairly  massive  sandstone,  which  is  probably 
a  form  of  concretionary  structure.  The  base  of  this 
sandstone  is  shown  at  the  eastern  end,  and  near  the 
bottom  of  the  deep  traction  cut.  Its  thickness  is  35 
feet  according  to  one  reading  of  the  barometer  and  29 
feet  as  determined  by  the  hand-level,  which  is  the  more 
reliable 29  288 

5.  Orangeville  formation.  The  upper  10  feet  of  this  forma- 
tion is  shown  in  the  lowest  part  of  the  deep  traction 
cut,  and  consists  of  soft,  bluish,  rather  argillaceous 
shale,  with  an  occasional  thin,  sandy  and  harder  layer. 
The  shales  for  some  distance  below  the  Sharpsville 
sandstones  are  fairly  well  exposed  and  show  no  sand- 
stone layers  with  a  greater  thickness  than  an  inch  or 
so,  and  consequently  it  is  apparent  that  the  rocks  of 
this  portion  of  the  section  are  principally  shales. 
Below,  for  some  distance,  it  is  mainly  a  covered  slope; 
but  70  feet  lower  than  the  base  of  the  cut,  in  a  small 
22— G.  B.  15. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

run,  which  enters  Andrews  Creek  from  the  north,  is 
shown  blue,  thin,  argillaceous  shale.  Twenty  feet 
lower,  in  Andrews  Creek,  is  black  and  rather  tough 
shale,  which  represents  the  Sunbury  member  of  this 
formation.  It  weathers  to  a  rusty  color,  and  near  the 
middle  of  the  exposures  on  the  creek,  specimens  of  Lin- 
gula  melie  Hall  are  abundant  in  laminae  of  the  shale, 
while  Orbiculoidea  herzeri  Hall  and  Clarke  occurs  infre- 
quently. The  larger  specimens  of  L.  melie  Hall  at  this 
locality  are  about  11  mm.  long  and  7.5  mm.  wide.  This 
is  in  close  agreement  with  the  type  specimen  of  this 
species  in  the  American  Museum,  fig.  3,  pi.  1,  Vol.  IV, 
Pal.  N.  Y.,  which  has  a  length  of  11  mm.  and  a  width 
of  7.2  mm.  From  the  top  of  the  highest  exposure  of  this 
black  shale  to  the  top  of  the  Berea  grit,  in  the  bed  of  the 
creek,  is  10  feet  by  the  barometer,  and  the  black  shale 
is  shown  on  its  bank,  not  more  than  2  feet  higher,  a 
couple  of  rods  or  so  farther  up  the  stream.  From  the 
base  of  the  Sharpsville  sandstone  to  the  top  of  the  Berea 
grit  is  140  feet  by  the  barometer,  which  represents  the 
entire  thickness  of  the  Orange ville  formation 140  1' 

4.  Berea  formation.  The  top  of  the  sandstone  is  shown  in 
the  bed  of  Andrews  Creek,  just  above  the  Bundysburg 
highway,  where  its  upper  surface  is  full  of  iron  pyrites, 
and  rough  from  its  disintegration,  as  is  generally  the 
condition  of  the  upper  surface  of  this  formation.  This 
zone,  by  level,  is  16  feet  thick,  and  20  feet  according  to 
the  barometer.  It  is  the  writer's  recollection  that  in 
this  zone  is  the  Charles  Clark  quarry,  which  is  only  a 
few  rods  below  the  road,  where  building,  flag  and  bridge 
stone  is  quarried.  Part  of  the  layers  are  rather  thin, 
from  3  to  4  inches,  especially  near  the  surface,  and 
many  of  them  show  abundant  ripple-marks.  On  the 
eastern  side  of  the  quarry,  about  14  feet  of  rock  is 
shown.  According  to  Mr.  A.  R.  Harshman,  this  upper 
sandstone  dips  to  the  northeast,  and  years  ago  he 
quarried  stones  in  this  zone  that  contained  drops  of 
greenish  oil 16  119 

3.  Shale  zone,  composed  of  soft,  argillaceous,  gray  shale, 
which  splits  into  small  pieces.  A  few  sandy  layers 
near  the  top  and  bottom  of  this  zone,  which  has  a  thick- 
ness of  6  feet  9  inches 7—  103— 

2.  Lower  sandstone  zone  begins  in  the  bed  of  the  creek,  sev- 
eral rods  above  the  A.  R.  Harshman  sawmill,  and  ex- 
tends for  several  rods  below  it.  It  is  a  massive,  fairly 
coarse-grained  sandstone,  which  is  apparently  more 
massive  than  the  upper  zone,  and  was  formerly  quarried 
by  the  Ohio  Freestone  Company.  Mr.  Harshman 
states  that  this  quarry  is  14  feet  deeper  than  the  surface 
of  the  water  now  standing  in  it.  By  hand-level,  from 
the  lowest  exposures  of  this  sandstone  to  its  top  is  21 
feet.  A  well,  however,  drilled  at  this  mill,  began  about 
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Thick-  thick- 
ness,   ness. 
.      No.  Feet.    Feet. 

3  or  4  feet  below  the  top  of  this  zone  and  passed  through 
33  feet  of  this  sandstone,  according  to  Mr.  Harshman. 
Its  mouth  is  18  feet  above  the  lowest  exposures  noted 
in  the  creek,  which  indicates  that  this  sandstone  zone 
extends  15  feet  below  the  base  of  the  present  exposures, 
making  its  total  thickness  36  feet.  It  will  be  noticed 
that  this  lower  15  feet  obtained  from  the  well  record 
is  in  c  ose  agreement  with  Mr.  Harshman 's  statement 
that  the  sandstone  in  the  old  quarry  was  worked  to  a 
depth  of  14  feet  below  the  base  of  the  present  exposure.  36  96 
1.  Bedford  formation.  The  well,  according  to  Mr.  Harshman, 
was  drilled  to  a  depth  of  93  feet,  or  60  feet  below  the 
base  of  the  above  described  sandstone.  Immediately 
below  it  for  some  depth  was  shale,  then  a  sand- 
stone with  another  shale  below  it,  and  the  well  finally 
stopped  in  a  very  hard  sandstone 60  60 

This  well  was  drilled  in  1863,  and  for  some  years  it  yielded  some 
gas.  The  sandstone  extends  for  about  20  rods  below  the  sawmill 
and  then  the  creek  valley  broadens  and,  according  to  Mr.  Harshman, 
the  country  becomes  flat  with  only  alluvial  deposits  exposed.  In 
the  above  section  it  is  thought  that  the  base  of  zone  No.  2  marks 
the  base  of  the  Berea  formation,  which  gives  it  a  thickness  of  about 
59  feet.  The  shale  of  zone  No.  3  in  the  Berea  formation  of  the  above 
section  was  evidently  noted  by  Read,  since  he  stated  that  "The  Berea 
in  Mesopotamia  is  separated  into  two  parts  by  about  two  feet  of  shale."1 

Sections  Near  Warren. — The  city  of  Warren  is  located  on  the 
northern  bank  of  the  Mahoning  River  in  the  townships  of  Warren 
and  Howland.  The  country  in  the  vicinity  of  Warren  is  fairly  level, 
so  that  no  long  sections  may  be  obtained;  but  there  are  occasional 
rocky  banks  on  the  Mahoning  above  Warren  and  exposures  at  cer- 
tain other  localities  in  the  vicinity  of  that  city  which  are  of  interest. 

Leavittsburg  is  3  miles  west  of  Warren,  and  between  these  two 
towns  the  Mahoning  River  makes  a  big  bend  to  the  north.  Just  be- 
low the  highway  bridge  at  Leavittsburg  on  the  bank  of  the  Mahoning 
River  6  feet  of  bluish,  argillaceous  shale  with  alternating  layers  of 
micaceous  sandstone  is  shown.  Some  of  the  sandstone  layers  reach 
a  thickness  of  3  inches  and  they  contain  much  iron  pyrites.  There 
are  also  concretionary ,  calcareous,  rusty,  lenticular  stones  which  form 
more  or  less  continuous  layers.  The  bluish  shales  do  not  contain  many 
fossils;  but  a  Chonetes  was  noted.  The  top  of  some  of  the  sandstone 
layers  is  very  rough  as  though  covered  with  fucoidal  markings,  and 
some  of  them  are  like  stems  which  on  weathering  out  leave  hollows. 
There  is  a  rather  strong  dip  in  the  direction  of  40°  S.  of  E.,  or  140° 
E  of  N. 
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On  the  western  bank  of  the  Mahoning  River  2  J  miles  or  more 
above  the  Warren  Court  House  Park,  and  above  the  little  hamlet  of 
Edge  water,  is  a  rocky  bank  showing  the  following  section :  At  the  base  a 
blackish,  fissile  shale,  about  8  feet  in  thickness;  at  the  top  of  this  shale 
is  a  thin  sandstone,  above  which  is  another  zone  of  shale,  capped  by 
a  thin  sandstone.  Some  of  these  shales  are  fairly  gritty  and  rather 
grayish  or  bluish-gray  in  color.  The  Berea  sandstone  is  not  shown 
at  the  water  level,  as  is  the  case  in  the  outcrop  a  mile  farther  down 
the  river,  which  will  next  be  described,  and  a  hasty  examination  seemed 
to  indicate  that  this  shale  is  in  the  Brecksville  overlying  the  Sunbury; 
but  the  examination  was  too  hurried  to  be  positive  regarding  this 
correlation. 

On  the  farm  of  Warren  Brobst  and  the  western  bank  of  the  Ma- 
honing  River,  1J  miles  above  the  Court  House  Park  in  Warren,  an 
anticlinal  fold  brings  up  the  Berea  sandstone.  At  the  base  about  4 
feet  of  Berea  sandstone,  which  is  mainly  thin-bedded,  is  shown  above 
low  water.  The  sandstone  is  of  buff  color,  the  layers  more  or  less  bent 
and  some  of  them  have  ripple-marks.  On  top  of  this  sandstone  is 
a  black  shale  which  probably  represents  the  Sunbury,  in  the  lower 
part  of  which  are  immense  numbers  of  Lingula  melie  Hall,  together 
with  specimens  of  a  larger  Lingula,  which  are  not  nearly  so  abundant 
as  the  former. 

A  still  thicker  and  better  section  of  this  portion  of  these  forma- 
tions is  shown  on  the  eastern  bank  of  the  Mahoning  River  below  the 
house  of  Alfred  Fitch,  rather  more  than  one-fourth  mile  above  the 
Warren  water  works. 

Section  on  Mahoning  River,  One-fourth  Mile  above  Warren  Water  Works. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

5.     Soil  and  clay. 

4.     Sandy  layers  to  sandstone. 

3.  Aurora  sandstone  (?).  Bluish  to  light  gray,  compact, 
fine-grained  sandstone  and  those  overlying  probably 
belong  in  this  zone  f  16 f 

2.  Sunbury  shale  (?).  The  top  of  this  member  is  rather  im- 
pure and  sandy,  perhaps  in  places  1  foot  of  sandy  shale 
at  top.  Black  to  brownish-black  shale,  some  of  it  very 
black  and  compact,  with  the  lithologic  characters  of 
the  Sunbury.  The  lower  part  contains  immense  numbers 
of  Lingula  melie  Hall  and  a  smaller  number  of  speci- 
mens of  another  species  of  Lingula.  _  14  16 

1.  Berea  sandstone.  Fairly  fine-grained,  very  uneven-bedded 
sandstone  which  contains  a  large  quantity  of  iron  py- 
rites, so  that  on  weathering  there  is  a  rough  upper  sur- 
face. A  little  below,  in  thinner  layers,  are  numerous 
ripple-marks.  This  sandstone  appears  above  water 


PLATE  XXII. 


A. — Bank  on  Phelps  Creek  at  Windsor  Mills  showing  upper  part  of  Berea 
formation.     See  page   306. 


B. — Bank  of  Malioning  River  above  Warren  showing  Sunbury  shale  (0   and  over- 
lying sandstone.     See  page  325. 
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Total 

Thick-  thick- 

ness.    ness. 

.   No.  Feet.     Feet. 

on  the  arch  of  a  small  anticlinal  fold.  At  the  time  it 
was  studied,  the  upper  2  feet  of  the  formation  was  ex- 
posed, while  on  the  river  bank,  both  above  and  below 
the  outcrop  of  sandstone,  the  Sunbury  black  shale  (?) 
runs  down  to  water  level  _____________________________  2±  2 

This  bank  is  shown  in  Plate  XXII,  B,  where  the  Aurora  sandstone 
(?)  of  zone  No.  3  appears  as  a  conspicuous  projecting  ledge,  beneath 
which  is  the  comparatively  smooth  bank  of  Sunbury  shale  (?). 

On  the  same  bank  of  the  river,  about  one-fourth  mile  below  the 
section  just  described  and  a  short  distance  above  the  Warren  water 
works  and  the  Erie  Railroad  bridge,  is  the  following  section,  the  rocks 
of  which  are  apparently  stratigraphically  above  most  of  those  of  the 
former  section: 

Section  above  Warren  Water  Works. 

Total 

Thick-  thick- 

ness.   ness. 

No.  Feet.     Feet. 

7.     Soil  and  till. 

6.     Apparently  shale. 

5.     Bluish-gray  sandstone  ___________________________  _______        i      16 

4.     Soft,  bluish-gray,  very  argillaceous  shale  ________________      2f      15| 

3.  Compact  layer  of  bluish-gray,  fine-grained  sandstone  _____  1="=  13 
2.  Blackish  shales  at  top,  containing  specimens  of  Lingula, 
the  smaller  and  more  numerous  ones  of  wrhich  closely 
resemble  L.  melie  Hall.  The  shales  are  mainly  bluish- 
black  in  color;  but  there  are  thin,  bituminous  laminae, 
especially  in  the  upper  part,  and  alternating  with  the 
shales  are  thin  layers  of  bluish  sandstone,  which  are 
thicker  near  the  base  of  the  cliff.  There  are  also  some 
layers  that  are  slightly  concretionary,  and  weather 
to  a  very  rusty  color.  Specimens  of  Lingula  are  nu- 
merous in  the  blackish  shales  near  the  top,  and  some 
were  also  collected  in  those  near  the  base  of  the  section.  11  12£ 
1.  At  the  upper  end  of  the  exposure,  where  the  rise  brings  up 
the  lower  rocks,  about  1£  feet  of  coarse,  arenaceous 
shales  to  bluish-gray  sandstones  are  shown,  below  the 
shales  of  No.  2.  This  stratum  is  apparently  the  upper 
portion  of  the  Aurora  sandstone  (?)  which  is  shown  in 
the  section  farther  up  the  river,  on  top  of  the  Sunbury 
shale  (?);  while  the  overlying  shales  belong  in  the 
Brecksville  _  _________________________________  l  1£ 


The  prominent  sandstone  layer  at  the  southern  end  of  the  cliff 
is  9  feet  10  inches  above  water  level,  and  420  feet  farther  north,  at 
the  northern  end,  12  feet  4  inches  above  the  water,  giving  a  dip  of  2 
feet  6  inches  for  that  distance  to  the  southeast  or  at  the  rate  of 
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feet  per  mile.  This  shale  and  sandstone  are  apparently  shown  on 
the  opposite  bank  of  the  river. 

Read  in  his  geological  report  of  Trumbull  County  under  the  de- 
scription of  the  Cuyahoga  shale  wrote  as  follows:  "In  the  bed  of  the 
Mahoning,  west  of  Warren,  the  abundance  of  Lingulce  and  the  litho- 
logical  peculiarities  indicate  that  the  stream  at  this  point  cuts  nearly 
through  these  shales,  and  that  the  Berea  grit  is  to  be  found  at  no  great 
depth  below.  Here  was  obtained  a  very  perfect  and  well  preserved 
spine  of  Ctenocanthus  (C.  formosa),  figured  and  described  by  Prof.  New- 
berry."1  From  the  above  statement  it  appears  probable  that  Read 
only  saw  the  lower  bank  of  shale  above  Warren  and  did  not  see  those 
where  the  anticlinal  fold  brings  up  the  Berea;  or  else  the  water  was 
higher  at  the  time  of  his  examination,  so  that  the  sandstone  was  cov- 
ered. 

Dr.  Newberry  was  acquainted,  to  some  extent  at  least,  with  the 
outcrop  of  these  shales  near  Warren,  since  under  his  description  of  the 
Cuyahoga  shale  published  in  1874  he  stated  that  "in  the  northern  and 
eastern  portions  of  the  State  the  base  of  the  Cuyahoga  shale  is  formed 
by  a  fine,  thinly  laminated,  dark  gray,  sometimes  black,  clay  shale, 
full  of  Lingulce  and  Discince.  This  bed  is  exposed  at  a  great  number 
of  localities,  of  which  Berea  and  Chagrin  Falls,  in  Cuyahoga,  and  War- 
ren in  Trumbull  county,  may  be  cited  as  examples."* 

Dr.  Orton  reported  that  "from  this  latter  horizon  [Buena  Vista] 
come  in  great  part  the  natural  flaggings  of  the  state.  In  Trumbull 
county  of  northeastern  Ohio,  the  Berea  shale  grows  very  thin  and  thus 
the  upper  quarry  courses  come  down  close  upon  the  Berea  grit."8 
Later  he  wrote  as  follows:  "The  Berea  shale  seems  to  be  reduced  in 
this  region  [Warren]  to  a  thickness  of  about  8  or  10  feet.  It  is,  how- 
ever, well  characterized  by  the  Discina  and  Lingula  which  belong  to 
the  horizon.  In  many  places  it  is  almost  entirely  composed  of  these 
shells."4  It  is  evident  that  in  this  instance  the  Berea  shale  described 
by  Dr.  Orton  is  equivalent  to  the  zone  that  probably  represents  the 
Sunbury,  although  generally  he  included  in  it  the  grayish  to  blackish 
shale  overlying  the  Aurora  sandstone. 

Prof.  H.  P.  Gushing  has  published  a  section  of  the  rocks  through 
Warren  in  which  he  gave  the  thickness  of  the  Berea  grit  as  10  feet, 
and  the  Berea  shale  of  Dr.  Orton  as  55  feet.5  Professor  Gushing  stated 
that  "north  of  Warren  another  sandstone  appears  directly  under  the 
black  shale  [Sunbury  (?)]  and  is  the  equivalent  of  the  lowest  sandstone 
on  the  state  line  [Pennsylvania-Ohio]  of  the  Corry  sandstone  of  Prof. 


'Geol.  Surv.  Ohio,  Vol.  I,  p.  504. 

2Ibid.,  Vol.  II,  p.  88. 

3Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXX,  1882,  pp.  173,  174. 

4Geol.  Surv.  Ohio,  Vol.  VI.  1888,  p.  321. 

5Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXVI,  1888,  p,  214. 
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White  in  Pa.,  of  the  Berea  of  northern  Ohio.     That  it  is  the  Berea  is 
shown : 

1.  By  the  hard,  black,  sandy,  sulphurous  layer,  two  inches  thick, 
which  separates  it  from  the  black  shale  above.      This  stratum  occurs 
nearly  everywhere  above  the  Berea  in  Ohio  and  I  did  not  find  it  above 
either  of  the  other  sandstones  at  this  point. 

2.  By   the  nearly   black  shale  [Sunbury  (?)]  with  a  black  shale 
fauna,  which  directly  overlies  it,  and  whose  stratigraphical  relations 
(as  exhibited  in  the  sections)  show  that  it  could  not  possibly  be  the 
Cleveland  shale. 

3.  By  the  series  of  blue  shales  and  flags,  Bedford,  underlying  it. 

4.  By  the  fact  that  neither  of  the  other  sandstones  here  can  rep- 
resent the  Berea.     The  upper  is  too  near  the  Conglomerate   and  is 
underlaid  by  100  feet  of  strata  with  Cuyahoga  shale  fossils.     The  mid- 
dle one  is  the  equivalent  of  the  sandstone  at  Warren,  and  apparently 
nearly  runs  out  just  west  of  that  point,  being  shaly  and  having  only 
about  a  thickness  of  6  feet  in  the  Mahoning  River,  west  of  Warren."1 

On  the  bank  of  a  run  to  the  northwest  of  Warren,  where  it  is 
crossed  by  the  extension  of  Mahoning  Avenue  opposite  the  house  of 
Mr.  E.  E.  Hughes,  is  an  outcrop.  The  lower  part  consists  of  about  5 
feet  of  dark  gray  to  blackish  shale,  which  is  partly  rather  sandy  and 
tough,  and  in  the  blackest  portions  specimens  of  Lingula  melie  Hall 
are  common.  These  specimens  have  about  the  typical  proportions 
of  this  species,  and  one  that  was  measured  is  8.5  mm.  in  length  and 
5.5  mm.  in  width.  A  few  specimens  are  similar  to  fig.  9,  pi.  20,  pt.  2, 
Vol.  VII,  Geol.  Surv.  Ohio,  which  Professor  Herrick  called  L.  cuyahoga 
Hall.  This  figure  is  12.9  mm.  long  and  7  mm.  wide  and  smaller  than 
the  type  specimen  of  this  species  in  the  American  Museum,  which 
is  15  mm.  long  and  10  mm.  wide;  but  an  examination  of  the  type  speci- 
mens of  L.  melie  and  L.  cuyahoga  led  the  writer  to  believe  that  Her- 
rick's  figure  perhaps  represents  L.  melie  rather  than  the  latter  species. 
Some  specimens  of  Orbiculoidea  herzeri  Hall  and  Clarke  (?)  also 
occur.  The  shale  is  capped  by  about  1  foot  of  light  colored,  fine- 
grained sandstone.  There  is  a  rather  heavy  dip  down  stream  to  the 
southwest,  and  the  shales  are  about  as  black  as  those  in  the  lower 
part  of  the  Brecksville  or  even  some  of  the  Sunbury.  This  outcrop 
is  probably  not  more  than  20  or  30  feet  higher  than  the  level  of  the 
Mahoning  River  near  by,  and  it  is  probably  the  upper  portion  of  the 
Sunbury  shale  capped  by  the  Aurora  sandstone  (?). 

Some  years  ago  a  well  was  drilled  on  the  Park  Square  in  War- 
ren, a  record  of  which  follows: 

.,  p.  215. 
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126' 


170' 


Section  of  the  Park  Well  at  Warren. 
Mouth  of  well 


126 


44'  = 


Soil  and  shale  for  126  to  128  feet 

Top  of  first  grit 
Sand  down  to  160  or  170  feet 
At  base,  white  sand  like  that  under  the  oil 
at  West  Mecca 

Shale  at  bottom  of  well 


It  appears  probable  that  the  44  ±  feet  of  sand  in  the  well  repre- 
sents the  Berea  grit,  although  it  is  given  at  a  greater  depth  than  the 
writer  expected.  It  indicates  a  very  strong  dip  to  the  southeast  from 
the  outcrops  already  described  on  the  Mahoning  River  above  Warren. 

Rather  more  than  2J  miles  northeast  of  Warren  are  the  Kins- 
man and  Austin  quarries,  which  formerly  were  worked  rather  exten- 
sively and  furnished  flagging  stone  of  large  size. 


Section  of  the  Kinsman  Quarry. 


No. 

3. 


2. 


Total 

Thick-  thick- 
ness, ness. 
Feet.  Feet. 


Upper  sandstone  stratum,  which  is  bluish-gray  in  color, 
and  splits  in  part  into  fairly  thin,flaggy  layers;  but  they 
are  not  very  even  2£  6  j 

Blue,  somewhat  arenaceous  shale,  which  on  the  surface 
weathers  to  a  rusty  color,  varying  in  thickness  from  1 
foot  11  inches  to  2  feet  4  inches 2£  4 

Lower  sandstone,  which  is  similar  in  color  and  bedding  to 
the  upper  one;  but  in  places  it  becomes  one  layer,  1 
foot  8  inches  in  thickness.  The  sandstone  is  bluish- 
gray,  compact,  fine-grained  and  hard.  One  slab  had 
ripple-marks.  This  sandstone  has  no  resemblance  to 
the  Berea  and  evidently  belongs  in  the  Sharpsville 
sandstone  of  the  Cuyahoga  terrane.  The  bottom  of 
this  zone  and  sandstone  is  not  shown 1§  1§ 


Some  of  the  dirt  and  clay  overlying  the  sandstone  is  of  reddish 
color,  probably  due  to  the  weathering  of  iron  in  some  of  the  rock. 
The  Austin  quarry  across  the  road  from  the  Kinsman  has  been  worked 
more  extensively;  but  neither  has  been  worked  much  since  1899.  The 
Austin  shows  the  same  two  sandstones  as  the  Kinsman;  but  the  cover 
is  deeper  and  on  top  of  the  upper  one  is  about  4  feet  of  bluish,  arena- 
ceous shale,  similar  to  that  between  the  two  sandstones. 

To  the  west  of  these  quarries  and  about  20  feet  higher  is  the  old 
line  of  the  Erie  Railroad.  This  is  also  on  the  divide  and  the  ground 
descends  to  the  west,  so  that  it  is  probable  that  in  the  vicinity  of  War- 
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ren  the  Sharpsville  sandstone  will  not  be  found  much  farther  to  the 
westward,  because  it  has  been  removed  by  erosion. 

Professor  Gushing  in  his  Warren  section  gave  the  thickness  of 
these  Warren  sandstones  as  25  feet1  and  stated  that  "this  stone  is 
beyond  doubt  the  equivalent  of  the  middle  sandstone  near  the  state 
line  [Pennsylvania-Ohio],  that  is  as  certainly  the  equivalent  of  the 
Sharpsville  sandstone  of  Prof.  White  in  Crawford  County,  Pa."2 

Dr.  Orton  thought  that  the  Berea  shale  became  very  thin  in 
Trumbull  County,  so  that  the  flagging  stone  near  Warren,  which  he 
regarded  as  the  equivalent  of  the  Buena  Vista  stone  of  southern  Ohio 
and  the  Sharpsville  sandstone  of  Pennsylvania,  came  "down  close 
upon  the  Berea  grit."3  He  also  stated  that  Dr.  White's  "Sharpsville 
sandstone  is  our  Buena  Vista  stone,  and  IT'S  Corry  sandstone  appears 
to  be  none  other  than  the  Berea  grit."4  In  the  Buena  Vista  section 
in  southern  Ohio  there  is  a  zone  of  fire  clay  and  blue  and  drab  shale 
with  a  thickness  of  about  5f  feet  between  the  Sunbury  shale  and  Buena 
Vista  sandstone.  If  the  Buena  Vista  sandstone  represents  the  Sharps- 
ville of  eastern  Ohio,  then  this  shale  zone  must  represent  the  Brecks- 
ville  shale  which  has  thinned  from  105  feet  at  its  typical  locality  on 
Chippewa  Creek  in  the  Cuyahoga  Valley  to  the  5J  feet  in  the  Ohio 
Valley.  The  writer  has  recognized  a  sandstone  perhaps  correspond- 
ing to  the  Buena  Vista  in  central  Ohio  with  a  similar  shale  between 
it  and  the  Sunbury;  but  he  is  not  confident  that  it  is  the  Sharpsville 
sandstone  of  northern  and  eastern  Ohio.  On  the  contrary  he  inclines 
to  the  opinion  that  the  Buena  Vista  sandstone  thins  out  before  reach- 
ing northern  Ohio,  and  that  the  Sharpsville  sandstone  occurs  at  a  higher 
stratigraphic  horizon.  In  fact,  the  Aurora  sandstone  occurs  nearer 
the  stratigraphic  position  of  the  Buena  Vista,  with  this  exception, 
that  there  is  no  gray  or  drab  shale  between  it  and  the  top  of  the  Sun- 
bury  shale. 

A  series  of  old  quarries  and  pits  may  be  followed  from  the  Aus- 
tin and  Kinsman  quarries  to  the  southeastward  to  the  Ewalt  quarry, 
worked  by  George  Ewalt.  The  barometer  made  the  top  of  the  Ewalt 
quarry  about  58  feet  lower  than  the  base  of  the  Austin;  but  this  rapid 
descent  is  probably  due  to  the  anticlinal  fold  which  apparently  runs 
from  Mecca  to  the  Mahoning  River  west  of  Warren.  The  layers  of 
stone  in  the  Ewalt  and  Lampson  quarries,  the  latter  one-fourth  mile 
southeast  of  the  former,  are  not  so  thick  as  in  the  Kinsman  and  Aus- 
tin quarries;  but  the  color  and  coarseness  of  grain  of  the  good  sand- 
stone is  very  similar  in  all  of  them. 


'Proc.  Am.  Assoc.  Adv.  Sci..  Vol.  XXXVI,  p.  214. 

2Ibid.,  p.  215. 

3Geol.  Surv.  Ohio,  Vol.  VI,  1888,  p.  38,  and  Vol.  VII,  1893,  p.  31. 

4Ibid.,  Vol.,  VII,  p.  33. 
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Section  of  the  Ewalt  Quarry. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

9.  Soil..  2±  17| 

8.  Shale  and  some  shaly  sandstone 4  15f 

7.  Sandstone  layer,  4-  to  6-inch  course  of  quarrymen \  llf 

6.  Shale .  f  111 

5.  Sandstone,  splitting  into  layers,  the  "hard  stone"  of  the 

quarrymen  from  8  to  9  inches  thick f  10| 

4.  Blue  shale,  from  18  to  30  inches  in  thickness;  but  generally 

about  18  inches  \\  9| 

3.  Gray,  flaggy  sandstone  3  8J 

2.  Shale  from  2  to  3  inches  thick \  5£ 

1.  Blue,  flaggy  sandstone,  to  that  used  for  "rough  rock",  the 

layers  from  2  to  5  inches  in  thickness 5          5 

Mr.  Ewalt  stated  that  they  find  occasional  layers  with  ripple- 
marks.  He  considers  that  his  quarry  contains  the  same  series  of  lay- 
ers as  was  formerly  worked  in  the  Austin  to  the  north  of  Warren,  which 
furnished  the  excellent  flagging.  Mr.  Ewalt  said  that  there  were  sev- 
eral layers  in  the  Austin  quarry  which  could  be  depended  on  to  run 
evenly,  and  that  those  were  formerly  worked  extensively;  but  have 
not  been  in  some  years.  He  thinks  that  this  sandstone  zone  runs  out 
to  the  west  of  the  Austin-Kinsman  quarries  and  he  knows  of  none  west 
of  those.  Mr.  Ewalt  stated  that  the  dip  in  his  quarry,  the  Lampson 
and  all  in  this  region,  is  to  the  southwest. 

It  is  true  that  the  fairly  even-bedded,  flaggy  layers  in  these  quar- 
ries resemble  considerably  the  even  layers  of  the  Buena  Vista  sand- 
stone as  shown  in  the  quarries  to  the  west  of  Portsmouth.  This  sim- 
ilarity in  bedding  is  probably  one  of  the  reasons  which  led  Dr.  Orton 
to  consider  these  sandstones  identical  with  the  Buena  Vista. 

The  Lampson  quarry  is  about  one-fourth  mile  southeast  of  the 
Ewalt,  about  3  miles  east  of  Warren,  just  south  of  the  highway  and 
only  a  short  distance  west  of  Mosquito  Creek.  The  top  of  the  bot- 
tom sandstone  in  the  Lampson  is,  according  to  the  barometer,  5  feet 
lower  than  the  bottom  of  the  Ewalt  quarry,  and  from  75  to  80  feet 
lower  than  the  ridge  to  the  west.  The  sandstones  when  wet  are  of 
blue  color,  but  when  dried  are  really  a  light  drab  to  light  gray  tint 
and  of  pleasing  color.  Some  of  the  layers  of  sandstone  are  even- 
bedded  and  valuable  for  flagging,  while  others  are  not  so  good  and  cut 
obliquely  across.  The  shales  alternating  with  the  sandstones  are 
bluish,  but  some  as  weathered  are  rusty  and  contain  iron-stone  con- 
cretions. Some  of  the  layers  of  flagstone  are  bent  or  curved  at  the 
edge  of  the  quarry,  and  some  of  them  in  the  bottom  of  the  quarry  vary 
from  8  to  18  inches  in  thickness.  Mr.  Lampson  stated  that  the  4-inch 
layers  are  best  for  his  work,  and  the  stone  makes  flagging,  caps,  sills, 
cistern  covers  and  rough  rock.  He  further  said  that  the  flaggy  layers 
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thicken  as  they  are  followed  to  the  westward,  and  he  thinks  that  the 
stone  of  his  quarry  is  not  in  the  same  zone  as  that  of  the  Austin-Kins- 
man quarries  to  the  north  of  Warren.  In  this  quarry  there  is  a  dip 
of  2  feet  in  a  distance  of  100  feet  to  the  west  and  of  1  foot  in  100  feet  to 
the  south.  The  rock  is  somewhat  fossiliferous,  the  largest  number 
of  specimens  occurring  in  the  lowest  sandstone,  although  what  Mr. 
Lampson  called  a  "fossil  screw"  was  found  in  the  second  sandstone 
from  the  top,  probably  a  specimen  of  a  Diclyophyton.  The  thickness 
of  the  zones  of  the  following  section  of  this  quarry  was  furnished 
by  Mr.  J.  B.  Lampson,  the  quarryman: 

Section  of  the  Lampson  Quarry.  Thick.  Sck- 

ness.    ness. 
No.  Feet.     Feet. 

10.     Soil  and  drift 5  24£ 

9.     Shale  5  19£ 

8.     Top  sandstone,  from  4  to  6  inches  thick \  14£ 

7.     Shale 1  14 

6.     Sandstone   stratum  in  several   layers,  containing    "fossil 

screw"    1  13 

5.     Shale  and  shaly  sandstone  3  12 

4.     Zone  of  flagging  and  wall  stone  in  several  layers 3  9 

3.     Shale  \  6 

2.     Flagging  in  several  layers.    Most  of  the  fossils  come  from 

between  the  layers  and  near  the  base  of  this  zone 2£  5£ 

1.     Shale  or  soapstone  of  the  quarryman 3  3 

Zone  No.  2  of  the  Lampson  quarry  apparently  corresponds  with  zone 
No.  1  of  the  Ewalb,  and  from  these  zones  up  there  is  the  same  number 
of  similar  lithologic  ones  in  both  quarries,  varying  somewhat  in  thick- 
ness. The  total  thickness  for  this  portion  of  the  two  quarries,  how- 
ever, is  about  the  same,  viz.,  15f  feet  in  the  Ewalt  and  16J  in  the  Lamp- 
son,  and  it  probably  represents  the  Sharpsville  sandstone  of  western 
Pennsylvania. 

On  the  eastern  side  of  Mosquito  Creek,  on  the  Warren  M.  Brown 
farm  and  only  a  short  distance  from  the  Lampson  quarry,  a  well  was 
drilled  to  the  depth  of  3,071  feet.  The  barometer  indicates  that  its 
mouth  is  between  5  and  15  feet  higher  than  the  top  of  the  lowest  sand- 
stone in  the  Lampson  quarry.  The  creek  is  only  about  50  feet  west 
of  the  well  and  about  8  feet  lower  than  the  floor  of  the  derrick.  The 
fall  in  Mosquito  Creek  from  the  bridge  at  Brown's  farm  to  where  it 
enters  the  Mahoning  River  at  Niles  is  only  between  7  and  8  feet,  as 
determined  by  survey.  The  well  is  a  flowing  one,  the  water  of  which 
is  said  to  be  pure,  but  it  has  a  slightly  salty  taste.  A  sample  of  the 
drillings  from  a  depth  of  more  than  2,800  feet  was  seen,  which  consisted 
of  chips  of  moderate  coarseness  partly  of  light  and  partly  of  dark  gray 
color  with  the  lithologic  appearance  of  limestone,  which  effervesced 
strongly  in  cold  HC1,  showing  that  it  is  a  limestone.  A  somewhat  gen- 
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eral  record  of  the  well  was  furnished  by  Mr.  Brown,  who  watched  it 
closely  while  it  was  being  drilled.  According  to  his  information, 
at  a  depth  of  from  10  to  12  feet  it  entered  quicksand  which  is  about  75 
feet  thick,  the  lower  portion  of  which  is  coarser  with  gravel  at  the  bot- 
tom. Below  the  gravel  is  "soapstone",  but  not  many  feet  of  it  before 
flaggy  material  was  struck,  which  when  ground  up  made  a  gray  flour. 
In  this  rock  between  a  depth  of  110  and  125  feet  was  obtained  the  wa- 
ter, which  is  probably  from  the  Berea  grit.  From  this  horizon  "soap- 
stone"  and  shale  continued  to  a  depth  of  more  than  2,800  feet,  when 
limestone  was  struck,  which  was  called  a  very  hard  rock  by  the  drillers. 
At  a  depth  of  3,040  feet  a  white  sand  was  reached,  which  is  15  feet 
or  more  in  thickness.  This  sandstone  is  soft,  since  the  bit  was  not 
battered  as  it  had  been  while  drilling  in  the  limestone.  Still  deeper 
is  black,  gritty  rock,  in  which  the  well  stopped.  This  was  called  a 
black  sand  by  the  drillers,  the  drillings  of  which  were  finer  than  those 
of  the  limestone,  with  about  the  coarseness  of  building  sand,  in  which 
the  drillers  reported  grains  of  salt.  It  appears  probable  that  this 
white  sand  reported  at  a  depth  of  3,040  feet  represents  the  Sylvania 
sandstone  of  northwestern  Ohio.  Mr.  Brown  states  that  about  a 
month  after  the  well  was  finished  oil  appeared  on  the  water  which 
flowed  out  of  the  well,  and  this  continued  for  some  nine  months.  This 
oil  may  have  come  from  the  Berea  grit,  but  Mr.  Brown  thinks  it  was 
from  the  bottom  of  the  well.  The  following  diagrammatic  section 
shows  about  all  the  information  obtained,  that  can  be  put  in  tabu- 
lar form,  concerning  this  well: 

Section  of  Well  on  the  Brown  Farm  Three  Miles  East  of  Warren. 
Mouth  of  well 
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To  the  east  of  the  Brown  farm  is  Rowland  Four  Corners,  some 
60  feet  higher  than  the  mouth  of  the  well.  About  one-fourth  mile 
south  of  the  corners  is  the  farm  of  C.  J.  Lenox,  on  which  is  a  well  63 
feet  deep  that  reaches  a  flagstone.  The  upper  9  or  10  feet  of  this 
well  is  in  dirt,  and  then  the  remainder  down  to  the  flagstone  is  in  "soap- 
stone".  This  flagstone  is  considered  by  the  owner  to  be  the  same  as 
that  in  the  Lampson  quarry  on  the  western  side  of  Mosquito  Creek. 
Another  well  near  the  house  is  42  feet  deep,  but  all  in  shale  or  "soap- 
stone",  and  did  not  reach  the  flagstone.  In  a  small  run  on  the  Lenox 
farm  and  50  feet  higher  than  the  Four  Corners,  is  brownish-gray,  flaggy 
sandstone  with  a  little  coarser  grain  than  the  sandstone  in  the  Lamp- 
son  quarry.  Thirty  feet  higher  is  a  ledge  of  coarse-grained  sandstone, 
which  is  of  brownish  color  and  rather  micaceous.  Loose  on  the  slope 
of  the  hill,  20  feet  higher,  are  blocks  of  the  Sharon  conglomerate,  so 
that  the  upper  sandstone  in  the  run  apparently  belongs  in  the  lower 
part  of  this  formation.  Unfortunately  the  elevation  of  the  mouth 
of  the  Lenox  well  was  not  determined,  but  in  a  general  way  it  seems 
probable  that  the  base  of  the  Sharon  conglomerate  is  something  like 
140  feet  higher  than  the  top  of  the  Sharps ville  sandstone.  As  above 
stated,  the  thickness  of  this  interval  was  not  obtained  with  precision 
and  may  be  slightly  in  excess  of  it.  Professor  H.  P.  Gushing  has  very 
kindly  put  in  the  writer's  hands  an  unpublished  manuscript  entitled  a 
"Geological  Section  through  Ashtabula  and  Trumbull  counties,  Ohio," 
in  which,  for  this  general  region,  the  thickness  of  the  interval  from 
the  top  of  the  Sharpsville  sandstone  to  the  base  of  the  Sharon  con- 
glomerate is  given  as  130  feet. 

"Walnut  Creek  Section*  —  Bazetta  Township  lies  to  the  north 
of  Rowland  Township,  and  in  its  northeastern  part  is  the  village  of 
Cortland,  nine  miles  northeast  of  Warren.  Walnut  Creek,  an  eastern 
tributary  of  Mosquito  Creek,  flows  through  this  village,  and  its  banks 
from  the  upper  part  of  the  village  to  some  distance  below  it  afford  in- 
teresting outcrops  of  the  rocks  of  this  vicinity.  At  the  junction  of 
Walnut  and  Mosquito  creeks  the  ground  is  low  and  swampy, 
and  no  outcrops  were  found.  Just  above  the  bridge  over  Walnut 
Creek,  however,  on  the.  first  north  and  south  road  to  the  west  of  Cort- 
land, thin-bedded  buff  sandstone  occurs.  This  rock  is  much  con- 
torted, most  of  it  thin-bedded  and  frequently  rippled-marked.  The 
upper  surface  of  the  top  layer  is  very  uneven  and  contains  numer- 
ous pits  due  to  the  decomposition  of  iron  pyrites  and  marcasite.  In 
this  particular  there  is  a  close  agreement  with  the  usual  condition  of 
the  upper  surface  of  the  Berea  grit.  This  sandstone  is  the  upper  por- 
tion of  the  Berea  formation,  some  13  feet  of  which  is  shown  in  the 
creek  and  on  its  banks.  On  the  bank  above  the  Berea  grit,  14|  feet 
of  black  to  bluish  shales  are  exposed,  all  of  which  perhaps  may  be  re- 
ferred to  the  Sunbury,  while  at  the  top  is  a  coarser  and  more  arena- 
ceous layer  containing  specimens  of  Orbiculoidea.  This  arenaceous 
layer  was  regarded  as  marking  the  upper  limit  of  this  zone,  although 
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perhaps  there  is  as  much  evidence  in  favor  of  drawing  the  line  4|  feet 
higher  at  the  base  of  a  4-inch  sandstone.  Still  in  the  Mahoning  River 
section  above  Warren,  a  zone  of  arenaceous  shale  occurs  at  the  top 
of  the  Sunbury  (?),  some  13  feet  above  the  top  of  the  Berea  grit,  which 
has  seemed  to  favor  including  all  of  this  shale  in  one  zone.  The  lower 
portion  certainly  has  the  lithologic  appearance  of  the  Sunbury  shale, 
although  it  may  be  a  question  where  the  upper  limit  shall  be  drawn. 
Above  the  coarser  layer  are  dark  gray  argillaceous  shales. 

The  lower  part  of  the  Sunbury  shale  contains  numerous  speci- 
mens of  Lingula  melie  Hall.  The  largest  ones  are  about  10J  mm.  long 
and  6  mm.  wide,  in  which  the  width  is  a  little  less  in  proportion  to  the 
length  than  in  typical  specimens  of  this  species;  still  it  is  considered 
best  not  to  separate  them  from  those  with  the  more  nearly  typical 
proportion  in  which  the  length  is  to  the  width  about  as  3  to  2. 

There  is  a  specimen  which  is  larger  than  L.  melie  Hall,  and  has  a 
sharper  slope  to  the  beak  than  in  specimens  of  this  species  that 
have  been  examined.  Its  length  is  13  mm.  and  width  8  mm.,  which 
is  very  near  the  size  and  proportion  of  the  species  described  by  Pro- 
fessor Herrick  as  L.  meeki,1  which  he  gave  as  13  mm.  long  and  7.5  mm. 
wide.  The  Cortland  specimen,  however,  resembles  more  nearly  the 
figures  of  the  species  described  by  Professor  Herrick  as  L.  atra.2  That 
species  is  a  still  larger  form,  however,  since  its  length  is  given  as  16  mm. 
and  width  as  10.5  mm.  Its  width  then  in  proportion  to  its  length  is 
TiV  greater  than  that  of  the  Cortland  specimen,  while  the  same  com- 
parison with  L.  meeki  shows  that  it  is  -J A  less  than  that  of  the  Cort- 
land one,  or  in  other  words,  the  proportion  of  L.  meeki  to  it  is  JIG 
nearer  than  that  of  L.  atra.  The  two  figures,  however,  of  L.  atra  given 
by  Professor  Herrick  (Geol.  Surv.  Ohio,  Vol.  VII,  pt.  2,  pi.  22)  do  not 
indicate  so  large  a  form  since  fig.  6  is  15.8  mm.  long  and  10.4  mm.  wide 
while  fig.  5  is  only  14.7  mm.  long  and  10.4  wide. 

The  next  bank  going  up  stream  shows  the  following  section: 

Section  on  Walnut  Creek  below  Cortland.  Totai 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

3.  Shales  alternating  with  thin-bedded  sandstones  at  base, 
thin  sandstone  of  buff  to  gray  color  4±  inches  in  thick- 
ness    5  18 

2.     Dark  gray,  argillaceous  shale 4|      13 

1.  At  top,  coarser  arenaceous  shale,  below  which  is  rather 
bluish,  argillaceous  shale.  The  top  of  this  zone  was 
considered  as  representing  the  upper  limit  of  the  Sun- 
bury  shale.  Lower  portion  black  shales,  which  on 
weathering  are  iron-stained.  Not  exposed  down  to 
the  top  of  the  Berea  grit 8|  8£ 


'Bull.  Denison  Univ.,  Vol.  IV,  1888,  pp.  13,  18,  pi.  10,  fig.  31. 
'Ibid., 
Geol.  Surv 


'Ibid.,  pp.  13,  16,  pi.  10,  fig.  30;   or  particularly   fig.  6,  pi.  22,  pt.  2,  Vol.  VII, 
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The  above  sections  are  clown  the  creek  not  far  below  the  rail- 
road culvert.  Just  below  the  culvert  is  a  bank  of  bluish-gray  argil- 
laceous shale  2+  feet  thick,  which  occurs  between  two  thin  layers  of 
sandstone. 

Some  22  feet  higher  as  determined  by  level,  than  the  top  of  the 
Sunbury  shale  (?)  is  a  bluish  to  light  gray  sandstone  23  inches  in  thick- 
ness. This  is  shown  just  northeast  of  the  creamery  on  Front  Street, 
not  far  above  the  railroad  culvert,  and  is  quarried  to  some  extent  for 
local  use.  Above  are  grayish  to  bluish  argillaceous  shales  with  alter- 
nating layers  of  sandstone  from  1  to  4  inches  thick.  A  little  higher,  as 
shown  by  the  grading  for  Front  Street,  these  argillaceous  shales  are 
bluer,  weathering  to  a  rusty  color,  and  contain  small  calcareous  to  iron- 
stone concretions.  These  higher  shales  contain  a  few  fossils  as  Lin- 
gula  melie  Hall  and  Chonetes  sp.  The  shales  a  little  above  the  23-inch 
sandstone  are  the  most  fossiliferous,  and  from  these  six  species  were 
collected. 

The  list  is  as  follows: 

1 .  Lingula  melie  Hall (a) 

The  specimens  are  all  rather  small;  but  the  proportion  of 
length  to  width  is  generally  about  as  3  to  2,  which  is  the 
typical  proportion  for  this  species  as  given  by  Hall.  One 
specimen  is  65  mm.  long  and  4  mm.  wide;  another  is  6  mm. 
long  and  4  mm.  wide;  while  a  third  one,  which  is  smaller, 
and  near  the  size  of  the  majority  of  the  specimems  from 
this  locality,  is  4  4-  mm.  long  and  2.75+  mm.  wide,  which 
is  also  about  the  standard  proportion  of  3  to  2. 

2.  Orbiculoidea  herzeri  Hall  and  Clarke (r) 

3.  Chonetes  logani  Norwood  and  Pratten  (?)  (c) 

Specimens  similar  to  those  labeled  as  this  species  by  Pro- 
fessor Herrick,  which  are  in  the  Denison  collection  at 
Ohio  State  University.  They  have  44-46  lines  (striae) 
and  perhaps  4  spines  on  a  side. 

4.  Spirifer  sp (rr) 

Similar  to  the  type  of  Spirifer  fimbriatus  (Con.)  Hall. 

5.  Nuculites  sp. (rr) 

Small  specimen,  with  fine  concentric  lines  (striae)  and  dis- 
tinct, straight,  clavicular  ridge. 

6.  Conularia  sp. (r) 

Broken  and  quite  imperfect  specimens. 

At  the  first  bank  on  Walnut  Creek  above  Front  Street,  the  23- 
inch  sandstone  stratum  is  shown  in  the  bed  of  the  stream,  and  above 
it  is  about  25  feet  of  bluish  shales  with  thin  sandstone  layers,  of  which 
there  are  at  least  four  conspicuous  ones.  These  shales  represent  part 
of  the  Orangeville  formation  and  closely  resemble  outcrops  of  them 
at  Orangeville. 

The  upper  portion  of  the  Orangeville  shale  is  rather  arenaceous 
and  fairly  coarse  up  to  the  base  of  heavy  to  thin-bedded  sandstone 
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of  bluish-buff  to  bluish  color.  From  the  top  of  the  23-inch  sandstone  to  the 
base  of  these  heavy  sandstones  is  about  38  feet,  according  to  the  barom- 
eter, and  the  contact  of  the  Orangeville  formation  and  the  Sharpsville 
sandstone  is  well  shown  on  both  the  east  and  west  banks  of  Walnut 
Creek  below  the  High  Street  bridge.  Higher  on  each  side  of  the  creek 
are  old  quarries  where  the  sandstone  has  been  worked.  The  grain  is 
considerably  finer  than  that  of  the  Berea  grit  arid  the  rock  does  not 
crumble  so  readily.  The  contact  of  the  Orangeville  formation  and 
the  Sharpsville  sandstone  is  shown  in  Plate  XXIII.  The  layers  of 
Sharpsville  sandstone  are  conspicuous,  forming  the  upper  part  of  the 
bank,  below  which  are  the  shales  of  the  Orangeville  formation,  with 
an  occasional  thin  sandstone.  One  rather  prominent  sandstone  stratum 
in  the  midst  of  these  shales  is  shown  only  a  few  feet  above  the  base  of 
the  section. 

The  contact  of  the  Orangeville  formation  and  the  Sharpsville 
sandstone  is  again  shown  in  the  lower  half  of  the  cascade  in  Walnut 
Creek  under  the  High  Street  bridge.  There  are  5  feet  of  the  upper 
Orangeville  shales,  which  are  somewhat  sandy  and  of  bluish  color,  shown 
in  the  lower  part  of  the  cascade,  above  which  and  on  the  creek  bank, 
16J  feet  of  the  Sharpsville  sandstone  occurs.  The  layers  of  sandstone 
at  this  locality  are  either  bluish  or  very  bluish-gray  in  color,  and  there 
are  some  partings  of  bluish-gray  shale. 

The  above  described  outcrops  along  Walnut  Creek  and  its  vicinity 
may  be  condensed  into  the  following  continuous  section: 

Section  of  Walnut  Creek  at  Cortland. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

7.  Sharpsville  sandstone.  Bluish,  fine-grained  sandstones, 
which  vary  from  thin  to  heavy-bedded  layers,  with 
occasional  partings  of  bluish-gray  shale.  Seventeen  feet 
shown  at  this  locality 17  107 

6.  Top  of  Orangeville  formation.  The  upper  shales  are  rather 
arenaceous  and  coarse,  5  feet  or  more  in  thickness; 
below  which  are  bluish,  partly  argillaceous  shales,  with 
an  occasional  thin  sandstone  stratum.  These  shales 
are  somewhat  fossiliferous,  especially  in  the  lower  part 
in  which  Lingula  melie  Hall  is  quite  abundant,  and  is 

associated  with  some  other  species 38        90 

5.     Bluish  to  light  gray,  compact  sandstone  23  inches  thick.  _        2  —    52  — 
4.     Grayish  shales,  alternating  with  thin  sandstones,  of  which 

one  at  the  base  is  about  4  inches  thick 18        50 

3.     Dark  gray,  argillaceous  shale  4|      32 

2.  At  the  top  is  a  rather  sandy,  grayish  and  somewhat  coarser 
zone  containing  fossils,  as  Orbiculoidea.  Next  lower, 
are  rather  bluish  shales,  below  which  are  thin,  fissile, 
black  shales  as  a  rule,  although  some  are  a  little  bluish 
in  color.  On  weathering  they  are  frequently  much 
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Total 

Thick-  thick- 
ness,    ness. 
•No.  Feet.     Feet. 

iron-stained,  and  in  the  lower  portion  Linguloid  fossils 
are  abundant,  especially  Lingula  melie  Hall.  At  least 
the  lower  portion  of  this  zone  apparently  represents  the 

Sunbury  shale 14|      27 1 

1.  Berea  grit.  Mainly  thin-bedded,  buff  sandstone,  the  layers 
of  which  are  much  contorted  and  frequently  ripple- 
marked.  The  upper  surface  very  uneven,  with  numer- 
ous pits,  due  to  the  decomposition  of  iron  pyrites. 
About  13  feet  is  shown  and  the  bottom  of  the  formation 
is  not  reached 13  13 

The  above  section  is  one  of  the  longest  continuous  rock  exposures 
noted  in  this  region,  and  is  important  in  giving  the  limits  of  the  Orange- 
ville  formation,  together  with  exposures  of  nearly  all  the  rocks  com- 
posing it.  Its  entire  thickness  as  determined  in  part  from  leveling 
and  partly  by  the  barometer  is  77  feet,  which  is  less  than  its  usual  thick- 
ness in  Crawford  County  in  western  Pennsylvania,  as  reported  by 
Dr.  I.  C.  White,1  or  in  the  Cuyahoga  Valley,  as  determined  by  the 
writer.  Both  the  lower  and  upper  contacts  of  the  formation  are  clearly 
and  sharply  shown  on  the  creek,  so  that  there  can  be  no  question  con- 
cerning its  limits.  At  this  locality  Professor  Gushing  gave  the  thick- 
ness of  the  Berea  shale,  which  is  the  same  formation,  as  55  feet.  The 
flaggy  sandstones  succeeding  it  clearly  belong  in  the  lower  part  of  the 
Sharpsville  sandstone  of  Pennsylvania,  which  in  Crawford  and  Mer- 
cer counties,  the  ones  bordering  the  northeastern  part  of  Ohio,  is  the 
terrane  immediately  succeeding  the  Orangeville  formation. 

When  describing  the  Berea  grit  in  the  vicinity  of  Cortland,  Dr. 
Orton  wrote  as  follows:  "It  is  always  overlain  by  a  thin  but  very 
black  fossiliferous  bed  of  the  Berea  shale.  An  excellent  section  is  fur- 
nished in  the  banks  and  the  bed  of  Walnut  Creek,  within  the  limits 
of  the  village  of  Cortland,  and  a  half-mile  below.  At  the  junction  of 
Walnut  and  Musquito  creeks,  the  flag-rock  that  makes  the  upper  bed 
of  the  Berea  is  found  in  the  bed  of  the  stream.  It  is  covered  by  8  feet 
of  Berea  shale,  very  black  and  crowded  with  its  characteristic  fossils."* 
There  appears  to  have  been  some  mistake  in  the  location  of  this  section, 
for  as  already  stated,  the  ground  at  the  junction  of  these  creeks  is  low 
and  swampy,  while  the  outcrop  of  Berea  grit  and  Sunbury  shale  is 
some  distance  up  Walnut  Creek  to  the  east  of  the  north  and  south 
road. 

Cortland  WelL— In  1903  a  well  was  drilled  on  the  Edward  Had- 
sell  farm,  five-eighths  of  a  mile  north  of  Cortland  village,  which  on 

Second  Geol.  Surv.  Pa.,  Q4,  1881,  p.  89,  where  it  is  stated  to  be  "120'  thick 
on  the  Shenango  river  at  Sharon,  120'  thick  on  Cussewago  creek,  usually  100' 
throughout  Crawford  county,  and  in  very  few  places  less  than  60"'  although  on 
the  "Generalized  section"  o'n  p.  66  its  thickness  is  given  as  75  feet. 

8Geol.  Surv.  Ohio,  Vol.  VI,  1888,  p.  331. 

23— G.  B.  15. 
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account  of  its  depth  is  important  from  a  stratigraphic  standpoint.  Un- 
fortunately only  a  comparatively  small  number  of  samples  was  saved 
from  this  well,  so  that  its  record  is  not  as  accurate  or  complete  as  desired. 
Again  there  is  a  difference  in  the  several  reports  as  to  the  depth  at  which 
the  Devonian  limestone  was  reached  as  well  as  in  some  other  particu- 
lars of  the  record.  On  a  fair  day  with  an  interval  of  only  32  minutes 
between  the  readings,  the  barometer  gave  the  same  reading  at  the 
mouth  of  the  Cortland  well  as  at  the  top  of  the  Orangeville  formation 
in  Walnut  Creek,  Cortland.  Apparently  the  mouth  of  the  Cortland 
well  is  near  the  contact  of  the  Sharpsville  sandstone  and  the  Orange- 
ville formation.  It  may  have  commenced  in  the  horizon  of  the  lower 
part  of  the  Sharpsville  sandstone,  but  the  writer  inclines  to  the  view 
that  it  is  in  the  Orangeville  formation  and  near  its  summit.  If  this  be 
true,  then  apparently  this  well  and  the  one  on  the  Brown  farm  east  of 
Warren  began  at  about  the  same  geological  horizon. 

Mr.  James  Hayhusk  lives  on  the  farm  adjoining  that  of  Mr.  Had- 
sell  and  he  followed  very  carefully  the  drilling  of  the  well.  He  took 
certain  samples  from  the  drillings,  the  depths  of  which  were  obtained 
from  the  well  measurements  or  by  counting  the  revolutions  of  the  "bull 
wheel";  these  he  divided  with  the  writer  and  gave  him  in  addition  a 
partial  record  of  the  other  portions  of  the  well.  According  to  Mr. 
Hayhusk,  the  well  passed  through  from  10  to  15  feet  of  dirt  and  from 
50  to  60  feet  of  "shell  to  soapstone"  when  a  "flag-rock"  was  reached 
which  contained  some  water,  but  was  not  very  thick.  The  50  to  60 
feet  of  "shell  to  soapstone"  is  regarded  as  the  thin  sandstones  and 
shales  of  the  Orangeville  formation,  while  the  "flag-rock"  is  the  Berea 
grit,  the  top  of  which  was  reached  at  a  depth  of  from  60  to  75  feet. 
It  will  be  remembered  that  the  Orangeville  formation  is  77  feet  thick 
on  Walnut  Creek  in  Cortland,  and  consequently  it  would  appear  that 
this  well  began  in  the  upper  part  of  that  formation  and  prob- 
ably well  toward  its  top.  The  following  samples  with  their  depths 
were  given  the  writer  by  Mr.  Hayhusk: 

Section  of  Cortland  Well. 

Depth. 

Feet.  Description  of  Sample. 

2840.  Top  of  the  limestone  according  to  Mr.  Hayhusk.  Light  gray  rock, 
which  effervesces  strongly  in  cold  HC1.  Devonian  limestone 
(Niagara  limestone  of  drillers). 

2960.  Drab  to  dark  gray  limestone,  which  effervesces  rather  more  slowly  in 
cold  HC1  than  the  first  sample. 

2995.  Sample  not  seen,  but  reported  as  a  porous  sand-rock,  from  which  sev- 
eral barrels  of  oil  were  obtained.  This  oil  is  very  fluid  (light), 
with  greenish  color  in  mass;  but  somewhat  amber  when  held 
toward  the  light,  and  in  general  appearance  similar  to  the  oil 
from  the  Andover  well.  Mr.  Hadsell  gave  the  depth  of  this 
sandstone  as  3,000  feet,  and  showed  a  sample  composed  of  grains 
of  white  quartz  sand. 
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Depth. 
Feet.  Description  of  Sample. 

3071.  Chips  mainly  light  gray  to  drab  limestone,  which  effervesce  strongly 
in  cold  HC1.  A  few  dark  colored  chips. 

3120.  Fine  grains  of  dark  gray  limestone,  which  effervesce  slowly  in  cold 
HC1. 

3150.     Dark  gray  chips,  which  effervesce  very  slowly  in  cold  HC1. 

3170.     Rock  called  the  Clinton  by  the  drillers.     No  sample. 

3350.  Rock  salt  in  small  grains.  Reported  as  15  feet  thick  by  Mr.  Hayhusk, 
extending  from  3350  to  3365  feet. 

3464.  Rock  salt  in  larger  crystals  than  the  previous  sample,  and  nearly 
pure  white  in  color.  Reported  as  91  feet  of  clear  rock  salt  by 
Mr.  Hayhusk,  extending  from  3464  to  3555  feet. 

3555.  Rock  salt,  small  grains  like  those  from  a  depth  of  3350  feet,  and  re- 
ported as  "bottom  salt"  by  Mr.  Hayhusk.  Below  the  rock  salt 
it  was  reported  as  hard,  drillings  fine,  and  progress  of  well  slow. 

3600.  Brownish-gray  limestone,  which  effervesces  strongly  in  cold  HC1. 
This  is  the  last  sample  saved,  and  reported  as  the  bottom  of  the 
drilling  by  Brackly,  the  first  driller.  Mr.  Hayhusk  stated  that 
then  the  Walle  Bros,  took  the  well  and  drilled  142  feet  deeper, 
making  its  total  depth  3742  feet. 

Mr.  Hadsell  showed  the  writer  samples  of  black  shale  with  a  streak 
varying  from  brownish  to  light  color,  but  the  depth  was  not  known. 
He  reported  the  top  of  the  limestone  as  2,500  ±  feet  in  depth,  and  showed 
a  sample  of  drillings  from  its  upper  part  which  consisted  of  chips  of 
light  gray  limestone  effervescing  strongly  in  cold  HC1. 

The  Warren  well  on  the  Brown  farm  began  near  the  same  horizon 
as  the  Cortland  well,  perhaps  a  little  higher  stratigraphically,  and  the 
top  of  the  Devonian  limestone  was  reached  at  a  reported  depth  of 
more  than  2,800  feet.  This  agrees  closely  with  the  depth  of  2,840 
feet  reported  by  Mr.  Hayhusk  for  the  Cortland  well;  therefore,  the 
depth  at  which  he  reported  the  top  of  the  limestone  is  regarded  as  more 
accurate  than  the  2,500  =*=  feet  given  by  Mr.  Hadsell. 

Since  the  above  information  was  secured  Dr.  Bownocker  has  pub- 
lished the  following  section  of  this  well: 

Thickness.  Total  depth. 
Feet.  Feet. 

Drift  40  40 

Shale __.  60  100 

Bereagrit  160  260 

Bedford  and  Ohio  shales 2396  2656 

Cornif erous  and  Monroe  formations  583  3239 

Rock  salt 12  3251 

Limestone  5  3256 

Rock  salt 2  3258 

Limestone 3  3261 

Rock  salt __.  10  3271 

Limestone  50  3321 

Rock  salt 29  3350 

Limestone  10  3360 

Rocksalt 52  3412 

White  shale..  18  3430 
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Thickness.  Total  depth. 
Feet.  Feet. 


Limestone  35  3465 

Rock  salt 10  3475 

Limestone  27  3502' 

According  to  this  record  the  top  of  the  Devonian  limestone  was 
reached  at  a  depth  of  2,656  feet,  instead  of  2.840  feet  as  reported  by 
Mr.  Hay  husk,  or  184  feet  higher.  The  interval  from  the  top  of  the 
Devonian  limestone  to  the  top  of  the  salt  is  510  feet,  according  to 
Mr.  Hayhusk,  and  583  feet  according  to  the  record  furnished  Dr.  Bow- 
nocker.  Again,  the  total  thickness  of  the  salt  is  106  feet,  according 
to  Mr.  Hayhusk,  and  115  feet  in  the  latter  record.  At  any  rate,  it 
appears  to  be  certain  that  the  thickness  of  the  interval  between  the 
base  of  the  Sharpsville  sandstone  and  the  top  of  the  Devonian  lime- 
stone is  probably  as  great  as  2,656  feet,  and  perhaps  reaches  as  great 
a  thickness  as  2,840  feet. 

Mecca  Township*  —  To  the  north  of  Bazetta  Township,  in  the 
northeastern  part  of  which  is  the  village  of  Cortland,  is  Mecca  Town- 
ship. In  this  township  is  one  of  the  old  oil  fields  of  the  United  States, 
opened  in  1861.  which  was  described  to  some  extent  by  Read  in  his  re- 
port on  Trumbull  County.  2  This  field  produced  an  excellent  lubricat- 
ing oil,  but  for  many  years  the  production  has  been  very  small.  The 
writer  visited  this  locality  in  August,  1901,  but  it  was  many  years  after 
the  principal  exploration  for  oil  was  finished  and  not  much  additional 
information  was  obtained.  The  horizon  of  the  oil  as  stated  by  Read 
and  others  is  in  the  Berea  grit,  which  outcrops  at  various  localities  on 
ridges  to  the  west  and  east  of  Mosquito  Creek,  which  flows  across  the 
township  from  north  to  south,  slightly  east  of  its  central  part.  On 
the  H.  L.  Cowdery  farm,  nine  miles  north  of  Warren  and  one  and  one- 
half  miles  south  of  West  Mecca,  an  oil  shaft  was  sunk  many  years  ago. 
Below  the  shaft  is  a  small  quarry,  which  was  filled  up  for  about  10 
feet.  On  its  bank  is  coarse-grained  friable  sandstone,  which  is  said 
to  be  the  "bogus  sandstone"  of  the  drillers.  Some  of  the  layers  appar- 
ently from  the  quarry  consist  of  coarse-grained  sandstone  with  ripple- 
marks.  The  driller  (Oilman)  stated  that  all  of  the  sandstone  in  this 
shaft  and  quarry  is  Berea,  and  that  there  are  two  oil  crevices  in  it, 
one  at  a  depth  of  45  feet  and  the  other  between  52  and  54  feet.  The 
rock  from  the  shaft  and  quarry  so  far  as  seen  is  all  a  coarse-grained 
sandstone,  which  lithologically  is  like  the  Berea  grit.  There  are  some 
blocks  of  red  and  gray  banded  rock  on  the  dump  from  the  shaft.  Ac- 
cording to  Mr.  Oilman  there  are  two  oil-producing  sands  in  the  shaft 
on  the  Cowdery  farm,  one  45  feet  down  and  the  other  52  feet.  These 
evidently  correspond  to  what  Mr.  Oilman  termed  the  crevices.  Mr. 

iAm.  Geologist,  Vol.  XXXV,  1905,  p.  375.  Geol.  Surv.  Ohio,  4th  ser.,  Bull. 
8,  1906,  p.  39. 

2Geol.  Surv.  Ohio,  Vol.  I,  pp.  505-508. 
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Oilman  also  reported  that  about  18  feet  down  the  shaft  is  the  sand- 
stone which  was  quarried  on  the  Cowdery  farm  below  the  shaft  and 
called  the  "bogus  rock."  This  "bogus  rock"  is  very  oily  and  is  noted 
in  the  different  wells.  It  was  also  reported  that  the  Berea  commenced 
in  the  shaft  at  a  depth  of  18  feet  and  continued  to  the  lower  oil  horizon, 
which  is  52  feet  down,  below  which  there  is  a  white  sand  which  will 
go  to  a  depth  of  at  least  65  feet.  The  well  drilled  near  the  Cowdery 
shaft  is  stated  to  be  1,000  feet  deep,  and  below  the  oil  sand  it  was  all 
shale  reported  as  blue,  brown,  black  and  even  some  red  in  color. 

A  well  on  the  Thomas  Park  farm,  one  mile  north  of  the  Cow- 
dery farm  and  Mott's  Corners,  is  reported  to  have  been  drilled  2,200 
or  2,300  feet  deep,  but  Mr.  Park  said  that  perhaps  it  was  not  more 
than  1,800  or  1,900  feet.  He  stated  that  the  lower  crevice  of  the  Mecca 
oil  is  62  feet  down  in  this  well.  The  casing  is  215  feet,  and  the  remain- 
der of  the  well  was  dry.  This  well  was  put  down  by  a  stock  company 
and  drilled  by  Will  M.  Dabney,  of  No.  2016  Detroit  Street,  Cleveland, 
Ohio.  The  first  oil  was  found  in  a  spring  on  the  Wagner  farm,  oppo- 
site the  deep  well  on  the  Park  farm. 

Mr.  Oilman  reported  that  most  of  the  oil  was  obtained  from  wells 
near  the  highway  between  Mott's  Corners  and  West  Mecca.  Along 
the  highway  the  deepest  oil  came  from  a  depth  between  49  and  52 
feet;  a  third  of  a  mile  to  the  west  it  is  between  63  and  65  feet,  while 
to  the  east  of  the  creek  it  varies  from  65  to  80  feet.  This  apparently 
shows  an  anticlinal  fold  with  the  summit  near  the  highway  from  which 
the  greatest  quantity  of  oil  was  produced. 

At  West  Mecca  the  first  crevice  (as  the  residents  term  it)  is  re- 
ported at  a  depth  of  31  or  32  feet  and  the  second  one  42  feet.  Below 
the  oil  rock  is  a  white  sand  which  extends  down  to  85  or  90  feet  and 
perhaps  to  a  depth  of  100  feet. 

At  Champion,  which  is  in  the  township  to  the  west  of  Bazetta 
and  north  of  Warren,  it  is  reported  that  in  the  upper  part  of  the  well 
there  was  shale,  sand  (Berea)  was  struck  at  54  feet,  then  at  70  feet 
an  oil  sand  from  4  to  6  feet  thick,  below  which  was  a  soft,  white  sand 
down  to  134  feet.  This  apparently  indicates  a  thickness  of  80  feet 
for  the  Berea  grit,  which  is  identical  with  the  measured  section  on  Mill 
Creek  in  Mesopotamia  Township,  some  14  miles  to  the  northwest. 
Below  the  Berea  grit  was  blue  shale  and  still  deeper  brownish  shale 
was  noted,  the  well  continuing  in  shale  to  a  depth  of  500  feet.  It  was 
also  reported  that  the  sand  was  reached  in  a  well  on  the  Len  Pearce 
farm,  about  3  miles  north  of  Warren,  at  a  depth  of  56  feet. 

Orangeviile  Sections.  —  It  seems  more  desirable  to  the  writer 
to  continue  the  description  of  the  Carboniferous  formations  to  the  east- 
ward from  the  Mosquito  Creek  Valley,  instead  of  continuing  to  the 
northward  and  describing  the  Devonian  formations  of  Ashtabula  County. 
Therefore,  instead  of  next  considering  sections  in  the  townships  in 
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the  northern  part  of  Trumbull  and  southern  part  of  Ashtabula 
counties  there  will  be  considered  together,  to  a  certain  extent,  the 
eastern  tier  of  townships  in  these  two  counties  with  the  adjacent 
ones  in  western  Pennsylvania  which  are  underlain  by  Carbonifer- 
ous formations,  principally  those  belonging  in  the  Mississippian 
series.  To  the  east  of  Mosquito  Creek  is  the  Pymatuning,  and  to 
the  east  of  this  is  a  compara lively  high  divide  in  the  townships  of  Ver- 
-non  and  Kinsman  in  Trumbull  County  and  Williamsfield  and  Andover 
in  Ashtabula  County.  This  ridge  is  well  dissected  by  streams 
which  afford  a  number  of  very  fair  geological  sections.  The  first  one 
to  be  considered  is  in  Orangeville,  a  small  village  in  the  Pymatuning 
Valley  on  the  State  line,  located  partly  in  Trumbull  County,  Ohio,  and 
partly  in  Mercer  County,  Pennsylvania.  The  Ohio  part  of  the  village 
is  located  in  the  northeastern  part  of  Hartford  Township,  the  greater 
part  of  which  is  underlain  by  rocks  of  the.Pennsylvanian  series. 

On  the  southern  bank  of  Pymatuning  Creek,  just  below  the  bridge 
and  dam  in  Orangeville  on  the  Pennsylvania  side,  is  a' bank  composed 
mainly  of  bluish-gray  shales  which  gives  the  following  section: 

Section  at  Orangeville.  Thick.  Sick- 

ness,   ness. 
No.  Feet.     Feet. 

5.  Dark  gray  to  bluish-gray,  argillaceous  shales,  which  con- 
tain some  small  ironstone  concretions  10£  21| 

4.     Bluish-gray  sandstone,  weathering  to  a  rusty  color,  from 

6  to  8  inches  thick £+  11£ 

3.  Grayish  to  bluish-gray  shales,  argillaceous  and  slightly 
gritty,  containing  some  specimens  of  Chonetes  and 
Lingula 4A  lot 

2.     Bluish-gray  sandstone,  which  weathers  to  a  rusty  color.  __        A      6A 

1.  Rather  bluish,  argillaceous  shales,  which  near  the  creek 
level  are  more  arenaceous  and  bituminous,  containing 

numerous  specimens  of  Lingula  melie  Hall 6         6 

Creek  level.1 

It  was  thought  when  the  above  section  was  first  published  that 
the  majority  of  the  specimens  from  this  shale  (zone  No.  1  of  section)  be- 
longed to  Lingula  cuyahoga  Hall,  because  the  proportion  of  length  to 
breadth  is  about  as  5  to  3  as  stated  by  Hall  in  his  description  of  this 
species.  The  measurements  of  several  specimens  is  as  follows : 

Length.  Breadth. 

9    mm.  5£  mm. 

II  "  6£     « 
10      "  6      " 

9  «  5|  « 

Hi  "  7|  " 

III  "  6*  * 
10|  "  6  " 

'This  section  was  also  published  in  the  Journal  of  Geology,  Vol.  X,  1902,  pp.  305, 
306. 
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The  proportion  of  length  to  breadth  of  the  above  specimens  is 
not  far  from  5  to  3  or  on  the  other  hand  of  3  to  2,  which  is  that  of  L. 
melie  Hall.  It  was  found,  however,  when  the  type  specimens  of  these 
two  species  were  studied  in  the  American  Museum  that  L.  cuyahoga 
Hall  is  a  rather  quadrate  form  with  a  length  of  15  mm.  and  a  width 
of  10  mm.  for  the  specimen  represented  by  fig.  5,  pi.  1,  Vol.  IV,  Pal." 
N.  Y.,  which  is  the  proportion  of  3  to  2  or  that  of  L.  melie  rather  than 
of  L.  cuyahoga,  according  to  Hall's  description.  The  size,  however,, 
is  larger  than  that  of  the  types  of  L.  melie,  which  are  as  follows  for  the 
two  specimens  illustrating  the  original  description  of  this  species:  fig. 
3,  length  11  mm.,  width  7.2  mm.,  and  for  fig.  4,  length  9.5  mm.,  width 
5.5  mm.  It  will  be  seen  from  the  above  measurements  that  the  Orange- 
ville  specimens  agree  very  nearly  in  size  with  these  type  specimens  of 
L.  melie,  from  which  perhaps  they  ought  not  to  be  separated.  A  smaller 
number  of  specimens  have  almost  the  exact  proportion  of  3  to  2  for 
that  of  the  length  to  the  breadth  of  the  shell.  One  specimen  is  9  mm. 
long  and  6  mm.  wide,  which  gives  the  exact  ratio  of  3  to  2.  These 
are  the  specimens  which  were  given  in  the  former  list  as  L.  melie  Hall. 

In  zone  No.  3  of  the  section,  specimens  of  a  Lingula  are  common, 
which  may  probably  be  referred  to  L.  melie  Hall.  The  length  of  one 
is  5.5  mm.  and  its  width  4.75  mm.,  which  is  much  nearer  the  gen- 
eral size  of  this  species  than  of  L.  cuyahoga  Hall,  although  the 
proportion  of  length  to  width  is  a  little  nearer  that  of  the  latter  species. 
Imperfectly  preserved  specimens  of  Orbiculoidea  occur  rarely,  on  which 
the  apex  of  the  brachial  valve  is  apparently  rather  high,  and  which  may 
be  listed  as  0.  cf.  herzeri  Hall  and  Clarke.  Specimens  of  Chonetes  are 
common,  which  closely  resemble  others  in  the  Denison  collection  at 
Ohio  State  University,  which  were  labeled  C.  planumbonus  Meek  and 
Worthen  by  Professor  Herrick.  The  Orangeville  specimens  have  from 
40-50  lines  (striae),  which  have  bifurcated  toward  the  margin.  One 
specimen  shows  three  curving  spines. 

All  of  the  above  shales  weather  to  a  rusty  color  on  exposure  and 
contain  fossils,  as  Chonetes  and  Lingula,  the  latter  being  much  more 
numerous  than  in  the  corresponding  shale  in  the  Cleveland  region. 

These  rocks  were  named  the  Orangeville  shales  by  Dr.  I.  C.  White, 
who  stated  that  the  name  was  used  "merely  for  the  convenience  of 
avoiding  in  this  report  a  premature  discussion  of  the  question  of  its 
identification  with  the  Waverly  black  shales  of  Andrews,  or  lower  mem- 
ber of  the  Cuyahoga  shale  of  Newberry."1  He  described  it  as  "a  group 
of  shales  prevailingly  blue,  but  often  rusty  or  reddish-brown  on  exposed 
surfaces,  always  more  or  less  argillaceous,  seldom  exhibiting  sandy  lay- 
ers more  than  six  inches  thick;  and  containing  considerable  quantities 
of  scattered  iron  ore  balls,"  with  a  thickness  of  about  75  feet  at  Orange- 
ville.2 Under  the  description  of  Pymatuning  Township,  Mercer  County, 

'Second  Geol.  Surv.  Pa.,  Q»,  1880,  p.  63. 
'Ibid.,  p.  63. 
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in  which  the  eastern  part  of  Orangeville  is  located,  is  the  following  ac- 
count of  the  cliff  below  the  Orangeville  Street  bridge  where,  it  is  stated, 
40  feet  of  rock  is  exposed  in  a  cliff:  "The  horizon  is  300  feet  below  that 
of  the  Sharon  coal,  and  therefore  under  the  Cuyahoga  shale.  The  upper 
portion  of  this  exposure  consists  of  reddish-gray  shales,  interstratified 
with  thin  black  layers;  but  down  near  the  creek  level  the  shales  begin 
to  grow  much  finer  and  darker;  and  just  below  the  mill-dam  fragments 
of  a  dark  bluish  fine-grained  shale  in  the  water  bed  are  perfectly  filled 
with  Discina  pleurites  and  Lingula  melie.  This  can  hardly  be  the  Cleve- 
land shale  of  Dr.  Newberry."1  In  the  succeeding  report  Dr.  White 
spoke  of  the  Orangeville  shales  as  "these  bottom  deposits  of  the  Cuy- 
ahoga formation  of  Ohio."2  Dr.  Orton  stated  that  "White's  Orange- 
ville shale  is  an  equivalent  of  our  Berea  shale."3 

In  the  section  of  the  bank  described  above  it  will  be  seen  that 
there  is  no  horizon  shown  that  could  be  taken  for  either  the  upper 
or  lower  limit  of  the  formation.  It,  however;  appears  probable  that 
Dr.  WThite  regarded  the  shales,  which  occur  on  the  Mahoning  River 
above  the  water  works  at  Warren  and  which  have  already  been  de- 
scribed in  this  bulletin,  as  belonging  in  this  formation,  since  he  has 
cited  the  locality  at  Warren  as  one  where  fossils  are  very  abundant  in  it. 
He  also  stated  that  the  shale  is  darker  than  in  Crawford  County  and 
some  of  the  thin  layers  are  bituminous,4  which  description  agrees 
with  the  writer's  observations  of  the  Warren  locality.  In  the  Ma- 
honing  River  section  above  Warren  it  has  been  shown  that  these 
black  shales  rest  directly  upon  the  Berea  sandstone,  and  consequently 
there  is  a  sharp  line  of  separation  between  the  Berea  sandstone  and 
Orangeville  formation.  The  Orangeville  shales,  as  described  by  Dr. 
White,  are  limited  above  by  the  Sharpsville  sandstone,  and  in  the  sec- 
tion on  Walnut  Creek  in  Cortland  the  contact  between  the  Orange- 
ville formation  and  Sharpsville  sandstone  has  already  been  described. 
The  evidence  appears  to  be  conclusive  that  these  bluish  to  blackish 
shales  which  are  exposed  along  the  State  line,  limited  below  by  the  Be- 
rea sandstone  and  above  by  the  Sharpsville  sandstone,  may  be  readily 
followed  westward  to  the  Cleveland  region  and  beyond.  It  also  ap- 
pears to  mark  a  lithologic  unit  for  areal  work,  and  has  been  accepted 
by  the  writer  as  a  formation  in  the  various  sections  that  have  been 
described  in  this  territory.  Many  of  these  sections  give  a  much  bet- 
ter idea  of  the  details  and  character  of  the  formation  than  is  to  be  ob- 
tained at  the  locality  where  it  was  named.  In  a  general  way  it  repre- 
sents the  lower  half  of  the  terrane  to  which  Dr.  Newberry  gave  the 
name  Cuyahoga  formation;  but  as  has  already  been  shown  in  the  de- 


.,  p.  160. 

"Ibid.,  Q4,  1881,  p.  89,  and  see  p.  90  f.  n. 
»Geol.  Surv.  Ohio,  Vol.  VII,  1895,  p.  33. 
4Second  Geol.  Surv.,  Pa.,  Q4,  p.  90  and  f.  n. 
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scription  of  the  Cuyahoga  River  Valley,  Dr.  Newberry's  description 
was  apparently  drawn  up  mainly  for  the  sandstones  and  arenaceous 
shales  shown  in  the  gorge  of  the  river  below  Cuyahoga  Falls,  while 
he  seems  to  have  failed  to  note  particularly  the  soft  shales  forming 
the  lower  portion  of  the  terrane,  which  are  not  very  well  exposed  on 
the  river  bluffs  but  are  admirably  shown  in  some  of  the  tributaries  of 
the  river. 

On  the  farm  of  Charles  Troutman  about  two  miles  north  of  Orange- 
ville  is  an  outcrop  of  the  Sharon  conglomerate,  the  base  of  which  is 
about  270  feet  higher  than  Pymatuning  Creek  at  Orange ville.  One 
part  of  this  ledge  is  a  quarry  which  in  1901  was  worked  by  Melvin 
and  Echenrode.  The  quarry  furnished  the  following  section: 

Troutman  Quarry. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Top  of  stone  glaciated,  as  shown  by  the  smooth  and  stri- 
ated surface.  This  course  splits  into  several  layers lA  18 

3.  Cross-grained,  quartzose  sandstone  varying  to  grit. 
Very  light  gray  to  whitish  in  color,  but  weathers  to 
a  buff  and  brownish  color  due  to  iron.  Massive 
course  used  largely  for  bridge  stone.  On  one  side  of 
the  quarry  a  shale  parting  appears  near  its  middle 6  16rb~ 

2.     Less  desirable  sandstone 4i      10A 

1.  Contact  of  sand  and  conglomerate.  The  matrix  of  the 
conglomerate  is  about  the  same  as  that  of  the  sand- 
stone above,  and  in  it  are  imbedded  numerous  large, 
white,  quartz  pebbles,  and  a  few  of  other  colors  were 
also  noticed.  The  pebbles  are  smaller  than  in  the 
exposures  of  this  conglomerate  shown  in  the  Cuyahoga 
gorge  near  Akron,  but  it  is  still  an  excellent  example 
of  a  conglomerate 6j  6i 

There  is  at  least  nine  feet  of  conglomerate  below  that  just  described 
in  the  quarry,  making  a  thickness  of  15  feet  for  this  stratum,  which 
gives  about  27  feet  for  the  thickness  of  the  Sharon  conglomerate  ex- 
posed at  this  locality,  but  the  hill  runs  up  to  a  height  of  85  feet  above 
this  exposure.  This  15-foot  ledge  of  conglomerate  is  shown  at  the 
spring  and  cave  which  are  near  the  quarry.  The  pebbles  are 
more  or  less  perfectly  rounded,  the  bulk  of  them  not  over  the 
size  of  a  pea,  though  there  are  many  that  are  smaller,  and  also 
some  that  are  larger,  although  hardly  any  are  the  size  of  a  hazelnut. 
The  pebbles  are  mostly  of  white  quartz  with  an  occasional  colored 
one,  the  colored  ones  being  most  frequently  of  rose  quartz. 

On  the  western  slope  of  the  hill  there  is  a  ridge  50  feet  below;  the 
conglomerate  at  the  spring  and  a  coarse-grained  sandstone,  shown  at 
an  old  opening,  is  probably  the  Shenango.  Then  there  is  a  gradual 
slope  to  about  130  feet  below  the  base  of  the  conglomerate  when  an- 
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other  ridge  is  reached,  probably  the  Sharpsville  sandstone,  but  along 
the  old  road  to  the  west  (now  abandoned)  no  exposures  were  seen. 

Orangevillc  Well.  —  In  1902  a  well  was  finished  in  Orangeville, 
Ohio,  and  the  author  is  indebted  to  Messrs.  W.  J.  Apthorp  and  J.  D. 
Burnett  of  that  town  for  information  concerning  it  and  samples  of 
the  drillings.  The  mouth  of  the  well  is  in  the  creek  valley  above  the 
State  Street  bridge,  estimated  as  about  6  feet  higher  than  the  milldam, 
which  would  make  it  about  10  feet  higher  than  the  base  of  the  shales 
exposed  on  the  creek  bank  below  the  dam.  The  creek  alluvium  in  the 
well  is  reported  as  17  feet  thick  and  at  that  depth  shale  was  struck. 
The  first  sample  submitted  to  the  writer  from  a  depth  of  42  feet  is  re- 
ported as  the  first  sand  struck  in  the  well,  and  is  considered  the  top  of 
the  Berea  grit.  The  sandstone  is  composed  mainly  of  light  gray  sili- 
cious  and  very  micaceous  sandstone  with  an  occasional  grain  of  iron 
pyrites,  and  lithologically  closely  resembles  the  Berea  grit.  Mixed 
with  the  sandstone  chips  is  an  occasional  one  of  black  shale,  evidently 
from  above  the  sandstone.  This  light  gray  sandstone  is  reported 
to  continue  to  a  depth  of  122  feet,  and  a  sample  from  50  feet  and  an- 
other from  between  57  and  117  feet  are  from  a  light  gray,  very  silicious 
sandstone.  A  sample  from  117  to  122  feet  is  composed  of  fine  light 
gray  to  white  quartz  sand  with  some  grains  of  iron  pyrites,  and  its  bot- 
tom is  thought  by  Mr.  Burnett  to  represent  the  base  of  the  Berea  grit. 
Immediately  below  this  Mr.  Apthorp  reports  3  feet  of  shale,  but 
the  sample  from  122  to  164  feet  is  composed  mainly  of  quartz  sand. 
Mr.  Burnett,  however,  reported  that  at  122  feet  the  drill  entered  a 
softer  sand.  A  sample  from  164  to  170  feet  is  composed  of  bluish  argil- 
laceous shale  with  a  white  streak  and  bluish-gray  or  gray  arenaceous 
shale  to  thin  micaceous  sandstone.  From  a  depth  of  170  to  415  feet 
the  chips  are  mostly  dark  gray  in  color  and  apparently  mainly  from 
arenaceous  shale.  In  this  record  there  is  some  uncertainty  as  to  what 
should  be  considered  the  base  of  the  Berea  grit.  If  the  line  is  drawn 
at  the  top  of  the  3  feet  of  shale  reported  at  the  depth  of  122  feet,  then 
the  Berea  will  have  a  thickness  of  80  feet.  The  sample,  however, 
from  122  to  164  feet  is  composed  mainly  of 'rather  large  pieces  of  quartz 
sand  and  is  apparently  from  a  massive  sandstone.  If  this  lower  sand- 
stone be  classed  in  the  Berea  grit,  then  the  formation  will  have  a  thick- 
ness of  122  feet.  Specimens  were  seen  to  a  depth  of  1,715  feet,  and 
the  deeper  ones  are  mainly  from  bluish  to  grayish  argillaceous  shales, 
together  with  some  from  grayish  arenaceous  shales  and  thin  grayish 
sandstones  apparently  in  the  Chagrin  formation.  The  samples  show 
no  indication  of  the  black  Cleveland  shale,  so  that  it  is  impossible  to 
give  the  base  of  the  Bedford  or  top  of  the  Chagrin  formation  in  this 
record.1  Later  Mr.  Apthorp  said  he  thought  the  well  was  drilled 


iPart  of  this  data  was  first  published  in  the  Journal  of  Geology,  Vol.  X,  1902,  pp. 
308,  309. 


GEOLOGICAL  SURVEY  OF  OHIO. 


347 


to  a  depth  of  2,200  feet  without  reaching  the  limestone.  The  detailed 
notes  concerning  a  part  of  the  samples  of  drillings  from  this  well  are 
given  below. 

Record  of  Orangeville  Well. 

No.        Depth.  Description  of  sample. 

Feet. 

42.  Mainly  light  gray,  silicious  sandstone,  which  is  very  mica- 
ceous, with  an  occasional  grain  of  iron  pyrites.  An  occa- 
sional chip  of  black  shale  from  above, and  some  of  the  chips 
are  fairly  coarse.  Berea  sandstone. 

00.  50     Mainly  light  gray,  silicious  chips,  like  those  of  the  sample 

above;  but  some  are  of  darker  gray  color. 

1.  57-117.     Light  gray,  very  silicious  sandstone,  some  of  the  chips  rather 

large. 

2.  117-122.     Fine,  light  gray  to  white  quartz  sand,  with  some  grains  of 

iron  pyrites.  Three  feet  of  slate  reported  at  the  base  of 
this  zone;  but  no  sample  was  sent. 

3.  123-164.     Largely  quartz  sand  in  rather  large  fragments.     A  little  of 

it  is  of  rose  color,  and  there  were  a  few  chips  from  above. 
(Mr.  Burnett  reported  "through  Berea  at  122  feet  into 
a  softer  sand.")  This  probably  is  the  Cussewago  sand- 
stone, and  its  base  is  probably  that  of  the  Berea 
formation. 

4.  164r-170.     Bluish,  argillaceous  shale,  with  white  streak  to  bluish-gray 

or  gray,  arenaceous  shale  or  thin,  micaceous  sandstone. 

5.  170-280.     Rather  dark-gray,  mainly  arenaceous  chips,  probably  from 

shale.     "Slight  show  of  gas  at  200  feet."     Burnett. 

6.  280-320.    Mainly  dark  gray,  micaceous,  arenaceous  shale.     Some  chips 

of  bluish-gray  color  of  similar  rock.  Gas  somewhat 
strong  at  300  feet. 

7.  320-355.    Mainly  dark  gray  to  bluish-gray,  finely  arenaceous  shale. 

Some  chips  light  gray  and  more  silicious,  with  larger 
grains  of  quartz. 

8.  355-390.     Dark  gray  to  bluish-gray,  finely  arenaceous  chips  from  shale. 

9.  390-410.     Bluish,  argillaceous  shale,  mixed  with  light  gray,  arenaceous 

chips  of  sandstone  or  arenaceous  shale. 

10.  410-415.  Light  gray,  very  silicious  chips,  composed  largely  of  fine 
grains  of  quartz,  and  apparently  from  a  sandstone. 

44.  1715.  Series  of  samples  of  about  the  same  lithologic  character, 
the  last  one  received  from  a  depth  of  1715  feet.  This 
sample  consisted  of  fine-grained,  light  gray,  arenaceous 
shale  to  sandstone,  mixed  with  chips  of  olive,  argilla- 
ceous shale.  The  Chagrin  formation.  The  Devonian 
limestone  was  not  reached. 


The  data  furnished  by  the  Orangeville  well  taken  in  connection 
with  the  barometric  section  from  the  level  of  Pymatuning  Creek  to 
the  Sharon  conglomerate  on  the  Troucman  farm  north  of  Orangeville, 
apparently  show  that  in  the  vicinity  of  Orangeville  there  is  an  interval 
of  about  300  feet  between  the  base  of  the  Sharon  conglomerate 
and  the  top  of  the  Berea  grit.  The  thickness  of  this  interval 
agrees  fairly  well  with  that  given  by  Professor  Gushing  in  his  section 
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in  Ashtabula  and  Trumbull  counties  near  the  Pennsylvania  line,  which 
is  235  feet.1 

An  examination  of  Dr.  Orton's  description  of  the  well  records  of 
this  region  leads  the  writer  to  conclude  that  he  referred  all  the  sand- 
stone at  this  horizon  to  the  Berea  grit.  Dr.  Orton  reported  the  Berea 
grit  "to  have  a  thickness  of  100  feet  or  even  more"2  in  the  Mecca  oil 
field  to  the  northwest  of  Orangeville  in  the  northern  central  part  of 
Trumbull  County.  In  the  wells  near  Youngstown,  which  is  in  the 
northern  part  of  Mahoning  County  and  southwest  of  Orangeville,  the 
Berea  is  given  as  from  150  to  160  feet  thick  "with  a  thin  bed  of  shale 
interstratified  about  half  way  down."3  Still  farther  south  in  the 
East  Liverpool  gas  field  in  the  southeast  corner  of  Columbian  a  County 
in  the  Ohio  River  Valley,  Dr.  Orton  stated  that  "the  Berea  grit  ranges 
in  this  territory  from  60  to  120  feet  in  thickness".4  From  a  well  near 
Sharon  in  the  western  part  of  Mercer  County,  Pennsylvania,  about 
seven  miles  south  of  Orangeville,  the  Pennsylvania  geologists  have 
reported  a  "white  sharp  sandstone"  75  feet  thick,  the  top  of  which  is 
313  feet  below  the  base  of  the  Sharon  conglomerate,5  which  Mr.  Carll 
regarded  as  probably  identical  with  the  Pithole  grit  of  Pennsylvania 
on  the  one  hand  and  with  the  Berea  grit  of  Ohio  on  the  other.6 

Section  West  of  Sharon,  Pa»— To  the  east  of  Hartford  Township, 
Trumbull  County,  Ohio,  is  Pymatuning  Township,  of  Mercer  County, 
Pennsylvania,  to  the  south  of  which  is  Hickory  Township,  in  which 
are  the  towns  of  Sharpsville  and  Sharon.  These  two  townships  are 
also  crossed  by  the  Shenango  River  and  contain  the  standard  sections 
of  the  Sharpsville  sandstone,  Shenango  sandstone  and  shales  and  Sharon 
conglomerate  of  the  Pennsylvania  nomenclature.  This  region  was 
visited  for  the  purpose  of  studying  these  formations  at  their  typical 
localities,  and  the  divide  to  the  west  of  the  Shenango  River  and  Sharon 
was  also  studied  for  outcrops  of  these  formations.  About  two  and 
one-half  miles  southwest  of  Sharon  and  about  a  mile  west  of  the  State 
line  the  Shenango  sandstone  was  found  in  the  Rose  and  Son  quarry, 
the  top  of  which  is  about  115  feet  higher  than  the  Erie  station  in  Sharon. 
About  50  feet  higher  is  the  base  of  the  Sharon  conglomerate,  also  shown 
in  another  quarry  operated  by  Rose  and  Son.  This  was  an  old  quarry 
which  had  not  been  worked  for  a  long  time  but  was  reopened  in  1900 
by  this  firm.  They  had  a  mill  for  sawing  the  stone  and  a  dummy  line 
down  the  hill  to  the  brick  works,  which  used  the  Shenango  shale  for 
raw  material.  The  section  of  this  quarry  and  subjacent  rocks  is  as 
follows : 


iProc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXVI,  1888,  p.  214. 
2Geol.  Surv.  Ohio,  Vol.  VI,  p.  331. 
"Ibid.,  pp.  402,  403. 
4Ibid.,  p.  333. 

5Second  Geol.  Surv.  Pa.,  Q4,  1881,  p.  70;  also  see  I3,  1880,  Atlas,  pi.  IV,   fig.  3, 
where  the  interval  is  given  as  310  feet;  Q2,  1879,  pp.  298,  303;  and  Q3,  1880,  p.  119. 
6Ibid.,  I3,  p.  93. 
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Section  of  Quarry  and  Lower  Rocks  West  of  Sharon. 

Total 

Thick-  thick- 
ness,   ness. 
jjo>  Feet.    Feet. 

3.  Sharon  conglomerate.  Top  of  rock  glaciated,  as  shown 
by  smooth,  striated  surface.  The  upper  2|  feet  con- 
sists of  layers  of  pebbles  alternating  with  a  grayish 
sandstone  which  contains  a  few  pebbles.  In  places 
this  upper  2£  feet  is  whitish,  quartzose,  coarse-grained 
sandstone  without  pebbles.  The  conglomerate  is 
immediately  above  the  quarry  cliff  and  is  a  very  pebbly 
rock,  the  pebbles  mostly  white  quartz,  ranging  in  size 
from  that  of  a  pea  to  that  of  a  hickory  nut 19  79 

2.  Shenango  shales.  The  upper  part  consists  largely  of  sand- 
stones which  are  thicker  than  the  lower  ones,  but  much 
shattered,  and  are  used  for  rubble,  cellar  walls,  etc. 
Bluish  shales,  alternating  with  fairly  thin-bedded, 
bluish  sandstones.  These  shales  and  thin  sandstones 
form  about  the  lower  two-thirds  of  the  cliff.  The 
shales  are  used  for  brick 49  60 

1.  Shenango  sandstone.  Massive,  coarse-grained,  quart- 
zose sandstone,  which  is  rather  friable  in  the  fingers. 
The  upper  part  is  brownish  to  buff-color,  with  nu- 
merous iron  spots,  and  about  the  lower  3^  feet  is  blue 
in  color.  The  sandstone  which  rests  on  a  blue  shale 
and  varies  in  thickness  from  11  to  14  feet  makes  di- 
mension stone,  and  is  also  sawed  into  curbing.  _. 11  +  11  4- 

The  Sharon  conglomerate  as  shown  at  this  locality  is  lithologically 
similar  to  that  on  the  Troutman  farm  to  the  north  of  Orangeville,  ex- 
cept that  part  of  the  pebbles  are  larger.  They  are  mostly  ovoid  or 
rounded,  but  not  flattened,  and  there  is  an  occasional  jasper  pebble. 
The  dip  of  the  rocks  at  this  locality  is  to  the  south.  This  may  be  re- 
garded as  a  characteristic  section  of  the  Sharon  conglomerate  near 
its  typical  locality,  where  it  was  described  by  Dr.  White  as  having  a 
thickness  of  about  20  feet  and  composed  of  "two  layers,  of  equal  thick- 
ness, and  without  interval"  as  exposed  in  the  vicinity  of  Sharon.  The 
upper  layer  he  described  as  a  "moderately  coarse  sandstone,  almost 
snow-white"  in  color,  while  the  lower  one  consists  of  "a  mere  mass  of 
pebbles  loosely  cemented  in  a  matrix  of  coarse  bluish  gray  sand  of  vari- 
ous sizes  but  none  larger  than  a  Iarg3  hickory  nut  and  most  of  them 
rounded  or  waterworn".1  Dr.  White  stated  in  a  foot  note  on  the 
same  page  that  it  was  called  the  Ohio  conglomerate  in  Report  Q2  "be- 
cause it  is  the  only  stratum  recognized  by  the  Ohio  geologists  as  repre- 
senting the  conglomerate  in  that  state."  This  name,  however,  was  a 
synonym  at  that  time,  since  the  geologic  term  Ohio  shale  had  been 
given  by  Andrews  in  1870,  and  in  the  same  foot  note  Dr.  White  stated 
that  "the  term  cannot  be  applied  in  Pennsylvania  without  producing 

'Ibid.,  Q3,  p.  56. 
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confusion."  It  appears,  however,  that  the  U.  S.  Geological  Survey 
has  recently  accepted  Olean  as  the  name  of  this  conglomerate  for  north- 
western Pennsylvania.  Mr.  Butts  has  written  as  follows:  "The 
names  'Garland'  and  'Sharon'  have  also  been  applied  to  this  stratum 
[Olean  conglomerate  member  of  the  Pottsville  formation],  on  the  sup- 
position that  it  is  the  same  as  the  quarry  rock  at  Garland  and  the  con- 
glomerate at  Sharon.  The  name  Olean  has  priority,  however,  as  it 
was  used  by  Ashburner  before  either  'Sharon'  or  'Garland'  was  used 
and  is,  furthermore,  more  appropriate  on  account  of  the  fine  develop- 
ment and  exposure  of  the  conglomerate  at  Rock  City  near  Olean  [New 
York]."1  Later,  apparently  the  same  conclusion  is  expressed  by  Mr. 
Shaw  who,  in  referring  to  the  Olean  conglomerate,  states  that  it  "is 
the  lowest  member  of  the  Pottsville  in  northwestern  Pennsylvania."2 

In  reference  to  the  correlation  of  the  Shenango  sandstone  with 
the  Ohio  formations,  it  is  interesting  to  note  that  as  early  as  1881  Dr. 
Orton  stated  that  "The  Logan  group  of  my  scale  certainly  has  its  ex- 
tension in  the  Shenango  sandstone  of  western  Pennsylvania  and  the 
beds  that  separate  the  latter  from  the  Sharon  conglomerate."3 

Mr.  Charles  Butts  in  discussing  the  "pre-Pennsylvanian  stratig- 
raphy" of  western  Pennsylvania  and  eastern  Ohio,  wrote  that  "The 
Shenango  Sandstone  is  regarded  as  the  basal  part  of  the  Burgoon  ('Big 
Injun')  sandstone  of  Pennsylvania,  and  as  the  equivalent,  in  part  at 
least,  of  the  Black  Hand  formation  of  Ohio,  the  Burgoon  as  a  whole 
being  regarded  as  the  equivalent  of  the  Black  Hand  and  Logan  for- 
mations"* 

Finally,  Professor  Schuchert  in  his  "Table  of  Mississippic-  for- 
mations" has  indicated  the  correlation  as  follows:  "Logan  (Shenango 
shale  of  Pennsylvania)  Black  Hand  (Shenango  of  Pennsylvania)."5 

To  the  southwest  of  the  large  quarry  a  new  one  was  opened  in 
1901  in  the  Sharon  sandstone,  a  light  gray  quartzose  sandstone,  which 
when  very  pure  is  almost  white  in  color.  However,  much  of  the  stone 
from  the  presence  of  iron  is  yellowish  to  brownish  when  weathered. 
In  August,  1901,  ten  feet  of  rock  was  shown  in  this  quarry,  and  it  is 
not  known  how  much  above  the  conglomerate  its  base  is  located.  The 
bedding  is  not  very  regular,  so  that  the  rock  for  any  considerable  dis- 
tance does  not  come  out  in  layers  of  regular  thickness.  The  quarry 
just  described  was  also  operated  by  Rose  and  Son. 

In  general,  four  or  five  feet  higher  than  the  Sharon  conglomerate 
in  the  vicinity  of  Sharon  occurs  the  Sharon  coal,  but  that  had  been 

'Warren  folio  (No.  172),  Geol.  Atlas  U.  S.,  U.  S.  Geol.  Survey,  1910,  library 
ed.,  p.  6,  col.  1.  Concerning  the  first  use  of  the  words  Sharon,  Garland  and  Olean 
for  the  names  of  geologic  terranes,  see  Geol.  Surv.  Ohio,  4th  ser.,  Bull.  No.  7. 
pp.  13,  14. 

'Foxburg-Clarion  folio  (No.  178),  ibid.,  1911,  field  ed.,  p.  36. 

'Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXX,  1882,  p.  174. 

3,  p.  192. 


*Top.  and  Geol.  Surv.  Pa.,  1906-1908,  1908,  p.  1€ 
5Bull.  Geol.  Soc.  America,  Vol.  20,  1910,  p.  548. 
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mostly  worked  out  on  the  hill  under  consideration.  In  the  entrance 
to  a  drift  of  the  Sharon  coal  at  this  vicinity  a  bank  of  blue  argillaceous 
shale  six  feet  or  more  in  thickness,  containing  ferns  in  considerable 
abundance,  was  noted  overlying  the  Sharon  coal.  This  is  evidently 
the  Sharon  plant  shales  which  Professor  White  has  described  as  the 
roof  shales  of  the  Sharon  coal,  stating  that  they  "are  often  quite  rich 
in  fossil  plants,"  a  list  of  which  he  gave.1 

Vernon  Township — Across  the  State  line  in  western  Pennsyl- 
vania the  rocks  have  been  carefully  described  by  Dr.  I.  C.  White,  and 
subdivided  into  a  number  of  terranes,  part  of  which  are  typically  ex- 
posed in  the  western  tier  of  townships.  These  divisions  run  across 
the  State  line  into  the  eastern  tier  of  townships  in  Ohio,  where  they 
may  be  readily  recognized,  while  several  of  the  formations  extend 
westward  for  miles  in  Ohio,  and  several  of  the  names  have  been  used 
more  or  less  frequently  in  the  earlier  portion  of  this  bulletin.  In  these 
townships  bordering  Pennsylvania,  the  minor  divisions  to  a  great  ex- 
tent have  been  recognized,  and  it  seems  desirable  to  use  them  in  the 
description  of  various  sections  which  are  to  be  found  in  these  town- 
ships. The  writer  visited  the  type  localities  for  most  of  these  forma- 
tions in  western  Pennsylvania  and  for  the  remaining  portion,  local- 
ities where  they  were  typically  shown  according  to  the  description 
in  the  county  reports.  For  convenience  in  following  the  writer's  descrip- 
tions of  the  sections  in  these  townships,  a  condensed  statement  of  Dr. 
I.  C.  White's  classification  of  these  formations,  as  shown  in  the  bor- 
dering townships  of  western  Pennsylvania,  and  found  in  the  report  for 
Erie  and  Crawford  counties,  will  now  be  given.  The  Pottsville  con- 
glomerate is  subdivided  into  the  following  members: 


Homewood  sandstone 
Mercer  group 

{Upper  sandstone 
Quakertown  beds 
Lower  sandstone 
Upper  iron  shales 

,    Coal 

Sharon  ,    , 

Lower  shales 

Conglomerate2 


The  classification  of  the  Subconglomerate  formations  (Mississip- 
pian)  is  given  as  follows: 

'Second  Geol.  Surv.  Pa.,  Q3,  pp.  52,  53. 
2Ibid.,  Q4,  p.  55. 
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Shenango  group 


Meadville  group 


Oil  Lake  group 


Venango  oil  sand 
group 


Feet. 

f    Shenango  shale 50 

X    Shenango  sandstone 25 

{Meadville  upper  shale 25 

Meadville  upper  limestone 1 

Meadville  lower  shale 40 

{Sharpsville  upper  sandstone  _  _  _  50 

Meadville  lower  limestone 2 

Sharpsville  lower  sandstone  _  _  _  12 

Orangeville  shale 75 

Corry  sandstone 20 

Upper  shales -_  5 

Limestone 2 

Middle  shales  and  flags 30 

Sandstone 25 

Riceville  shales 80 

Upper  sandstone  (1st  oil  sand)    20 

Upper  blue  shales 100 

Middle  sandstone  (2d  oil  sand) 20 

Lower  shales 140 

s   Lower  sandstone  (3d  oil  sand) 30i 


Cussewago 


Professor  Schuchert's  recent  correlation  of  the  Mississippian  for- 
mations in  the  above  list  is  as  follows: 

East  of  Cincinnati  axis,  Ohio  and  Pennsylvania 


Pocono 


Break 

Logan  (Shenango  shale  of  Pennsylvania) 
Black  Hand  (Shenango  of  Pennsylvania) 
Upper  Cuyahoga  (Meadville  of  Pennsylvania) 


Middle  Cuyahoga  (Sharpsville  of  Pennsylvania) 
Lower  Cayahoga  (Orangeville  of  Pennsylvania) 
Sunbury 
s  Berea  (Cussewago  and  Corry  of  Pennsylvania) 


Bedford 


Cleveland 


Bradfordian    of 
Pa.,  and  N.  Y. 


Knapp 

Oswayo 

Cattaraugus5 


An  interesting  section  was  found  in  a  small  stream  on  the  land 
of  Emeline  Sipes  and  Laura  P.  Brown,  three  miles  north-northwest 
of  Orangeville.  The  gully  is  crossed  by  the  highway  about  one-fourth 
mile  south  of  the  four  corners  on  the  Orangeville  road,  which  is  one 
and  one-fifth  miles  directly  east  of  Vernon.  The  lower  part  of  the 
run,  beginning  somewhat  above  the  highway  and  extending  to  the 
level  of  Pymatuning  Creek,  is  covered,  but  its  upper  portion  exposes 
fair  outcrops  of  the  formations  which  will  now  be  described. 

'Ibid.,  see  particularly  pp.  66,  67,  and  the  following  pages  up  to  116  for  the  de- 
tailed description  of  the  divisions. 

2Bull.  Geol.  Soc.  America,  Vol.  XX,  1910,  p.  548. 
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Section  on  the  Sipes  and  Brown  Farms. 

Total 

Thick-  thick- 
ness,    ness. 
No-  Feet.     Feet. 

11.  The  stream  above  the  section  is  broadened  out  into  simply 
a  marsh;  but  loose  blocks  of  Sharon  sandstone  are  seen 
on  the  surface.  The  stream  was  followed  for  10  feet 
higher  than  the  last  outcrop  of  rocks  and  there  seemed 

to  be  no  probability  of  any  being  exposed  farther  up 10      315 

10.  Shenango  shales.  Thin-bedded,  buff,  flaggy  sandstones  in 
bed  of  stream.  Five  feet  lower  the  sandstones  are 
somewhat  thicker  and  flaggy,  fine-grained,  and  much 
like  the  Sharpsville  in  lithology.  The  top  of  this  sand- 
stone zone  is  50  feet  barometrically  above  the  top  of 
the  Shenango  sandstone.  Lower  part  of  the  interval 
covered 20  305 

9.  Thirty  feet  above  the  Shenango  sandstone  is  a  ledge  of 
buff-colored,  fairly  fine-grained  sandstone,  with  layers 
6  inches  or  more  in  thickness.  At  this  horizon  there 
are  several  of  these  layers,  making  a  ledge  3  or  4  feet 
thick.  Lower  are  bluish  shales  alternating  with 
coarse,  arenaceous  ones  and  thin  sandstones.  At  the 
bottom  are  thinner  bedded  and  finer  grained,  buff 
sandstones  than  those  of  the  Shenango,  which  are  shown 
in  the  bed  of  the  run,  but  without  the  coarse-grained 
and  rusty  appearance  of  the  Shenango  sandstone,  and 
therefore  they  are  left  in  this  zone 30  285 

8.  Shenango  sandstone.  Massive,  very  coarse-grained  sand- 
stone, brownish-gray  in  color,  with  numerous  brown 
or  rusty  spots,  and  in  places  containing  numerous  clay 
ironstone  nodules.  Six  feet  of  this  sandstone  is  shown 
in  the  fall  at  the  site  of  the  old  grist  mill,  and  4  feet 
more  is  shown  above  in  the  stream.  This  massive  ledge 
agrees  fully  with  Read's  description,  where  it  is  stated 
that  the  upper  Berea  sandstone  could  be  taken  out  in 
any  sized  dimension  blocks  in  Vernon  Township,  in  the 
ledge  to  the  east  of  Pymatuning  Creek.  He  also 
stated  that  the  rock  would  probably  be  injured  by  the 
iron  balls  in  it  so  far  as  the  color  is  concerned1 10  255 

7.  Meadville  upper  shale.  Three  feet  of  blue,  arenaceous 
shale  shown  in  the  fall  just  under  the  Shenango  sand- 
stone. This  zone,  however,  is  mostly  covered 25  245 

6.  Upper  Meadville  limestone.  An  impure  calcareous  layer, 
blue  in  color  and  very  hard;  but  thickness  not  deter- 
mined. The  interval  between  this  layer  and  the  base 
of  the  Shenango  sandstone  agrees  exactly  in  thickness 
with  that  given  by  Dr.  White,  between  the  base  of  the 
Shenango  sandstone  and  upper  Meadville  limestone.  _  __ 

5.  Lower  Meadville  shales.  Upper  portion  of  this  interval 
mainly  concealed.  About  30  feet  above  its  base  are 
layers  of  arenaceous,  buff  shales  to  shaly  sandstones. 
Lower  part  of  the  interval  mostly  concealed 50  220 

4.     Upper  Sharpsville  sandstone.     The  layers  of  this  sand- 


iGeol.  Surv.  Ohio,  Vol.  I,  1873,  p.  505. 

24— G.  B.   15. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

stone  are  more  or  less  flaggy,  some  of  them  from  8  to  10 

inches  in  thickness 50      170 

3.  A  somewhat  calcareous,  sandy  layer,  thickness  not  deter- 
mined, which  probably  represents  the  horizon  of  the 
lower  Meadville  limestone,  since  its  distance  below 
the  top  of  the  sandstone  agrees  with  the  thickness  of 
the  corresponding  interval  in  Dr.  White's  section 

2.  Lower  Sharpsville  sandstone.  Consisting  of  layers  of 

flaggy,  buff  sandstone 15  120 

1.     Concealed  to  the  level  of  Pymatuning  Creek 105      105 

No  indication  of  the  Berea  was  found  in  this  locality.  The  con- 
glomerate layer  of  the  Sharon  shown  at  the  base  of  the  Troutman  quarry 
about  one  mile  south  of  this  run  was  barometrically  only  five  feet  higher 
than  the  highest  sandstone  seen  in  the  above  section.  The  old  quarry 
in  the  field  northwest  of  the  Troutman  quarry  and  55  feet  lower  than 
its  base  shows  a  two-foot  ledge  of  buff,  coarse-grained  Shenango  sand- 
stone containing  iron  nodules. 

The  above  section  is  an  interesting  and  valuable  one,  since  it  gives 
a  very  fair  idea  of  the  character  of  the  rocks  from  the  base  of  the  Sharps- 
ville sandstone  nearly  to  that  of  the  Sharon  conglomerate;  in  fact,  if 
the  top  of  the  section  be  carried  about  a  mile  to  the  south  to  the  Trout- 
man farm,  then  27  feet  of  the  Sharon  conglomerate  may  be  added  to 
it.  The  stream  gives  a  complete  section  of  the  Shenango  sandstone  with 
an  accurate  idea  of  its  character,  and  also  a  very  fair  one  of  the  Sharps- 
ville sandstones.  It  is  also  thought  that  the  horizon  of  both  Mead- 
ville limestones  is  shown,  although  the  lower  one  is  rather  impure  and 
not  typical,  but  the  thickness  of  the  intervals  above  and  below  each 
one  corresponds  very  closely  with  that  given  by  Dr.  White  in  his  "Gen- 
eralized Section"  of  these  formations  in  western  Pennsylvania.1 

Mr.  M.  C.  Read  wrote  the  reports  for  the  Ohio  Survey  on  Trum- 
bull  and  Ashtabula  counties  and  prepared  the  geological  map  for  them. 
The  outcrop  of  the  Berea  grit  on  the  map  of  these  two  counties  is  in- 
dicated by  a  green  line  in  the  midst  of  the  yellow  area  which  repre- 
sents the  "Waverly  group"  and,  near  the  State  line  in  Vernon  and 
Kinsman  townships,  the  green  line  is  divided.2  In  his  descrip- 
tion of  Trumbull  County  under  the  heading  of  Bedford  shale,  Mr. 
Read  stated  that  "in  Kinsman  and  extending  into  Williamsfield,  Ash- 
tabula  county,  these  shales  [Bedford]  belonging  below  the  Berea,  are 
in  fact  interposed  between  two  members  of  the  latter.  The  Berea  in 
Mesopotamia,  is  separated  into  two  parts  by  about  two  feet  of  shale. 
On  the  eastern  margin  of  the  county,  the  upper  part  of  the  Berea  passes 

'Second  Geol.  Surv.,  Pa.,  Q4,  p.  66. 

2See  Geological  Map  of  Ashtabula,  Lake,  Geauga  and  Trumbull  counties,  oppo- 
site p.  483,  Vol.  I,  Geol.  Surv.  Ohio. 
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out  of  the  state  near  the  north  [south]-east  corner  of  Kinsman,  the 
lower  member  passing  along  the  higher  ground,  east  of  the  Pymatun- 
ing,  follows  the  course  marked  by  the  northern  green  line  on  the  map, 
leaving  the  state  somewhere  near  the  northern  part  of  Williamsfield, 
but  is  there  covered  with  drift."1  Again  in  describing  the  Berea  grit 
he  wrote  that  "in  Vernon,  on  the  west  side  of  the  ridge,  east  of  Pyma- 
tuning  creek,  it  is  exposed  in  massive  layers,  from  which  blocks  of 
any  desired  dimensions  may  be  taken.  It  is  here  firm  and  strong,  but 
contains  nodules  of  iron  ore  which  will  be  likely  to  color  the  stone  and 
detract  from  its  value  if  used  for  building  purposes."2  The  description 
for  this  part  of  Read's  Berea  evidently  agrees  with  the  division  called 
the  Shenango  sandstone  in  the  above  section.  Read  also  stated  under 
his  description  of  "The  Conglomerate"  in  Trumbull  County  that  the 
horizon  of  the  Berea  grit  "is  about  100  feet  below  the  conglomerate."3 

So  far  as  the  writer  is  aware,  Dr.  I.  C.  White  first  reported  that 
the  upper  Berea  sandstone  of  Read  did  not  belong  in  the  Berea  at  all 
and  he  correlated  it  with  his  Shenango  sandstone.  A  foot  note  by  Dr. 
White  under  the  heading  of  "The  Shenango  Sandstone"  in  his  original 
description  contains  the  following  statement:  "This  is  Mr.  M.  C. 
Read's  Upper  Berea,  Geol.  Ohio,  Vol.  I,  page  508.  But  it  evidently 
has  nothing  to  do  with  the  Berea  Grit  proper."4  The  following  year 
Dr.  White  published  a  more  detailed  account  of  his  opinions  concern- 
ing the  classification  of  the  rocks  in  Vernon  Township,  and  correlated 
Read's  lower  member  of  the  Berea  grit  with  his  Sharpsville  sandstone. 
Dr.  White  wrote  as  follows  under  the  heading  of  Sharpsville  Sandstone: 
"After  my  study  of  the  persistency  of  the  bed  of  limestone  [Meadville 
lower  limestone]  which  lies  in  the  body  of  the  sands,  I  distinguished 
those  above  and  below  as  Upper  and  Lower  (Sharpsville}  sandstones. 
But  apart  from  the  limestone  they  form  together  but  one  deposit  of 
sand,  which  I  traced  in  1876  along  the  Shenango  and  Pymatuning 
creeks  into  Vernon  township,  Trumbull  county,  Ohio.  Here  I  found 
it  called  by  Mr.  Read  Lower  Berea',  my  Shenango  Sandstone  above  it  be- 
ing called  Upper  Berea.  But  the  original  Berea  Grit  of  Medina,  Lorain, 
Ashland  and  Richland  counties  of  Ohio,  under  the  Cuyahoga  shale  for- 
mation of  Ohio,  lies  from  270'  to  300'  beneath  the  Ohio  Conglomerate] 
whereas  this  Sharpsville  Sandstone  ('Lower  Berea')  lies  only  145'  be- 
neath the  Sharon  (Ohio)  Conglomerate,  and  we  must  look  100'  lower 
for  the  genuine  Berea,  viz:  in  the  Corry  and  Cussewago  sandstones  of 
the  Oil  Lake  group  (the  Pithole  grit  of  the  Oil  regions)."5  Dr.  White 
also  gave  the  following  section,  which  he  stated  was  made  in  Vernon 
Township,  three  miles  north  of  Orangeville,  and  it  appears  probable 

'Ibid.,  p.  508. 

'Ibid.,  p.  505. 

'Ibid.,  p.  502. 

'Second  Geol.  Surv.  Pa.,  Q',  1880,  p.  60. 

6Ibid.,  Q<,  pp.  85,  86. 
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that  it  was  obtained  at  the  same  locality  as  the  one  which  is  described 
above  from  Sipes  Run: 

'  'Sharon  (Ohio)  Conglomerate,  very  pebbly.  * 25 ' 

f    Shale  50' 

mgo>     \    Sandstone,  (Read's  Berea  Upper  S. )  t _  _  _     15  ' 

Meadville  shales, 80' 

Sharpsville  sandstone,  (Read's  Berea  Lower  S.)t 60' 

Concealed  to  the  level  of  the  Pymatuning  creek 110'  "» 

In  the  above  section  it  will  be  noticed  that  Dr.  White  gives  the 
thickness  of  the  Shenango  sandstone  as  15  feet,  while  in  the  writer's 
it  is  listed  as  only  10  feet.  It  is  quite  possible,  however,  that  some  of 
the  thinner  layers  of  finer  grained  sandstone  shown  in  the  run  above 
what  was  called  the  top  of  the  Shenango  sandstone  might  be  included 
in  it. 

Later,  Prof.  H.  P.  Gushing  reached  a  conclusion  similar  to  that 
of  Dr.  White  concerning  the  correlation  of  these  sandstones,  but  his 
opinion  was  based  upon  the  study  of  the  Berea  grit  in  its  typical  region 
and  acquaintanceship  with  the  formations  of  northeastern  Ohio.  This 
will  be  seen  from  the  following  account  of  the  correlation  of  these  sand- 
stones published  by  Professor  Gushing:  "In  the  Waverly  Group, 
throughout  the  larger  part  of  northern  Ohio,  there  is  one  strong  per- 
sistent sandstone  horizon,  and  but  one,  the  Berea  Grit.  In  tracing  its 
outcrop  to  the  east,  Mr.  Read,  when  near  the  state  line,  came  upon 
three  sandstones  near  this  horizon  all  resembling  some  lithological  phases 
of  the  Berea.  He  concludes  that  the  Berea  here  has  split  into  two 
parts,  or  possibly  even  into  three.  The  dark  blue  or  black  shales  with 
black  slate  fauna,  which  he  found  lying  between  his  two  lowest  sand- 
stone members,  he  called  Bedford  shales,  thus  putting  part  of  his  Be- 
rea below  the  Bedford.  This  same  shale  which  he  calls  Bedford  in 
Kinsman  township,  he  makes  do  duty  as  Cuyahoga  shale — Berea 
shale  of  Prof.  Orton — in  Vernon  township  and  at  Warren.  In  my 
section  near  Warren  the  lower  two  of  these  three  sandstones  appear. 
The  upper  one  of  the  two  is  the  stone  quarried  near  Warren  and,  ac- 
cording to  the  Ohio  Reports,  lies  in  the  Cuyahoga  shale.  It  is  here 
considerably  thinner  than  on  the  state  line;  directly  under  it  the  black 
Berea  shale  appears.  This  stone  is  beyond  doubt  the  equivalent  of  the 
middle  sandstone  near  the  state  line,  that  is  as  certainly  the  equiva- 
lent of  the  Sharpsville  sandstone  of  Prof.  White  in  Crawford  County, 
Pa.  North  of  Warren  another  sandstone  appears  directly  under  the 
black  shale  and  is  the  equivalent  of  the  lowest  sandstone  on  the  state 

"*The  Sharon  coal  overlies  the  Conglomerate  close  by. 

flipper  green  line  on  Reed's  [Read's]  map  of  Trumbull  county. 

tLower  green  line  on  the  same.  This  out-crop  of  the  rock  I  traced  continuously 
from  Sharon,  where  it  rises  from  the  water,  up  the  Shenango  and  Pymatuning  valleys, 
by  two  lines,  to  the  same  point  in  the  northern  line  of  Trumbull  county,  Ohio.  " 

'Ibid.,  p.  86. 
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line,  of  the  Corry  sandstone  of  Prof.  White  in  Pa.,  of  the  Berea  of 
Northern  Ohio."1 

Professor  Gushing  also  gave  the  following  section  for  "Ashtabula 
and  Trumbull  Counties,   Ohio,  near  Pa.  line": 


"Conglomerate 

Unexposed 

40' 

Shenango  sandstone 

15' 

Cuyahoga  shales  and  flags 

90' 

Warren  sandstone 

50' 

Berea  shale 

40' 

Berea  grit 

35' 

Bedford  shales 

15  '"« 

235 


In  the  above  section  Professor  Gushing  used  the  term  Berea  shale 
of  Meek  in  the  sense  in  which  it  had  been  used  by  Dr.  Orton  in  the  Ohio 
reports,  as  has  been  explained  in  an  earlier  part  of  this  bulletin,  and 
for  which  the  writer  has  used  the  name  Orangeville  shale  or  formation. 
The  name  Warren  sandstone  was  used  as  stated  by  Professor  Gushing 
for  the  sandstones  quarried  near  that  city,  several  quarries  of  which 
are  described  in  this  bulletin  under  the  heading  of  "Sections  Near 
Warren,"  (p.  323)  and  which  he  states  "is  beyond  doubt  the  equivalent  of 
the  middle  sandstone  near  the  state  line,  that  is  as  certainly  the  equiva- 
lent of  the  Sharpsville  sandstone  of  Prof.  White  in  Crawford  County,  Pa." 
Finally,  on  Professor  Cushing's  section  it  will  be  seen  that  the  upper  sand- 
stone is  called  the  Shenango,  the  top  of  which  is  given  as  40  feet  below 
the  conglomerate.  The  order  of  this  section  will  be  found  in  entire 
agreement  with  the  sections  which  were  made  by  the  writer  in  these 
townships  with  some  variation  in  the  thickness  of  the  several  intervals 
as  is  to  be  expected  in  the  case  of  two  observers  working  separately  and 
not  always  in  the  same  localities. 

In  Mr.  Read's  report  on  Trumbull  County,  under  the  heading 
of  Cuyahoga  shale,  he  briefly  described  the  fossiliferous  shale  on  the 
Mahoning  River,  west  of  Warren,  which  has  been  more  fully  described  in 
this  bulletin  (p.  325),  and  also  at  another  locality  near  the  western  line  of 
Vernon  Township,  where  he  stated  that  "layers  of  the  shale  are  filled  with 
a  profusion  of  Lingulce  and  a  great  variety  of  chambered  shells,  but  the 
material  containing  them  is  so  soft  and  friable  that  they  cannot  be  well 
preserved.  In  the  bed  of  the  same  stream,  at  a  little  lower  level,  beau- 

iProc.  Am.  Assoc.  Adv.  ScL,  Vol.  XXXVI,  1888,  p.  215. 
2Ibid.,  p.  214,  section  No.  2. 
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tifully  preserved  Discince  are  so  abundant  that  slabs  of    a  large  size 
may  be  obtained,  completely  covered  by  them."1 

Professor  Gushing  prepared  a  detailed  paper  on  a  "Geological 
section  through  Ashtabula  and  Trumbull  Counties,  Ohio,"  of  which 
the  section  in  the  Proceedings  of  the  American  Association  for  the  Ad- 
vancement of  Science  is  but  the  bare  outline1  and  the  complete  paper 
has  never  been  published.  Professor  Gushing  has  kindly  put  this  manu- 
script in  the  writer's  hands  with  the  statement  that  he  may  make  what- 
ever use  of  it  he  pleases;  but  when  engaged  in  field  work  in  these  coun- 
ties it  was  unknown  to  the  writer,  and  came  into  his  possession  after 
most  of  this  bulletin  was  written,  so  that  he  has  been  unable  to  quote 
freely  from  it  as  he  would  have  done  if  it  had  been  sent  him  at  an  earlier 
date.  In  this  manuscript  Professor  Gushing  refers  to  the  shale  local- 
ity described  by  Read  in  the  western  part  of  Vernon  Township  as  well 
as  the  one  near  Warren,  only  using  the  term  Berea  shale  instead  of 
Cuyahoga  under  which  they  were  described  by  Read.  Professor  Gush- 
ing's  description  is  as  follows:  "In  his  report  [Read's]  he  mentions 
the  occurrence  of  Berea  shale  in  two  localities  in  Trumbull  county, 
viz.,  in  the  bed  of  the  Mahoning  west  of  Warren,  and  near  the  west 
line  of  Vernon  (Geol.  Surv.  0.,  Vol.  1,  p.  504).  It  occurs  in  each  place 
as  he  states,  is  covered  in  each  by  the  Sharpsville  sandstone,  and  in 
the  latter  locality  the  Berea  is  found  underlying  it.  This  is  the  same 
formation  that  he  calls  Bedford  shale  near  the  state  line  (p.  508).  A  con- 
tinuous line  of  sections  through  Warren,  Bazetta,  Johnston,  Vernon, 
Kinsman  and  Williamsfield  townships  at  this  horizon  shows  always  the 
threefold  division  of  sandstone  below  with  a  black,  pyritiferous  layer 
at  its  top,  followed  by  a  blue-black  shale  with  a  Lingula  fauna,  and 
then  by  a  series  of  flags.  I  followed  this  shale  to  Orangeville,  Prof. 
White's  typical  locality  for  his  Orangeville  shale,  and  proved  their 
identity.  Nowhere  does  it  at  all  resemble  the  Bedford  shale,  either 
lithologically  or  paleontologically.  By  wrongly  identifying  it  with 
the  Bedford  shale  in  Kinsman  township,  and  then  considering  the 
sandstone  above  it  as  Berea,  losing  sight  of  its  identity  with  the  flag- 
stone at  Warren,  Mr.  Read's  measurement  of  the  interval  between 
the  Conglomerate  and  the  Berea  was  made  too  small  by  100  feet." 

The  high  ground  to  the  east  of  Pymatuning  Creek  in  Vernon. 
Kinsman,  Williamsfield  and  Andover  townships  as  well  as  the  border- 
ing townships  across  the  State  line  in  Pennsylvania,  were  examined 
with  some  care  for  outcrops  and  sections  which  might  be  of  assistance 
in  describing  the  stratigraphy  of  this  region.  In  this  investigation 
most  of  the  streams  of  any  size  were  followed  and  also  a  considerable 
number  of  the  roads  were  traversed.  Some  of  the  rather  isolated  ob- 
servations in  connection  with  this  work  are  perhaps  worth  recording 
for  the  benefit  of  future  students  of  this  region.  The  hill  east  of  Vernon 

»Geol.  Surv.Ohio,  Vol.  I,  p.  504. 
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is  fairly  steep  and  in  a  mile  rises  some  260  feet.  The  highway  leading 
directly  east  from  Vernon,  which  is  the  first  one  north  of  the  Sipes  and 
Brown  section,  climbs  this  hill  and  crosses  the  highest  part  of  the  di- 
vide which  is  ne-jr  the  Ohio-Pennsylvania  line.  The  highest  land  near 
the  State  line  at  this  locality,  according  to  the  topographic  sheet,  is 
about  275  feet  higher  than  the  four  corners  on  the  Orangeville-Kinsman 
highway  directly  east  of  Vernon.  The  barometer  gave  this  interval 
as  280  feet,  to  which  at  least  55  feet  is  to  be  added  to  bring  it  down  to 
the  creek  bottom,  making  a  total  rise  of  some  340  feet  in  a  distance  of 
1.8  miles.  After  crossing  this  hill  a  ledge  of  the  Sharon  conglomerate 
was  found  on  the  first  north  and  south  road  in  Pennsylvania,  about 
one-fourth  mile  north  of  the  three  corners.  There  is  a  ledge  of  the 
conglomerate  in  the  run  at  this  locality,  3  to  4  feet  in  thickness,  which 
is  55  feet  lower  than  the  high  ground  near  the  State  line.  This  local- 
ity is  near  the  middle  of  the  western  line  of  West  Salem  Township, 
Mercer  County,  Pennsylvania. 

Rather  more  than  a  mile  to  the  north  of  the  outcrop  just  noted 
is  another  one  of  the  Sharon  conglomerate  just  east  of  the  cemetery 
on  the  Foulk  farm.  It  is  a  massive,  very  coarse-grained  quartz  sand- 
stone, brownish  to  bluish-gray  in  color.  The  individual  grains  of  quartz 
sand  are  white.  The  ledge  as  shown  in  the  quarry  is  about  14  feet  thick. 
Some  of  the  bedding  is  rather  irregular,  so  that  the  thickness  of  the  lay- 
ers cannot  be  expected  to  run  evenly  for  any  considerable  distance. 
The  top  of  the  hill  in  the  cemetery  is  some  20  feet  higher  than  the  con- 
glomerate ledge. 

At  the  three  corners  about  one-half  mile  north  of  the  cemetery 
the  writer  turned  west  and  crossed  the  State  line  into  Ohio.  North 
of  this  east  and  west  road  and  the  Otis  Marsh  house,  in  the  northeastern 
corner  of  Vernon  Township,  is  a  ledge  of  Sharon  conglomerate  which 
is  25  feet  lower  than  the  outcrop  in  the  cemetery  on  the  Foulk  farm. 
A  little  to  the  northwest  of  the  Marsh  outcrop  is  an  old  quarry  in  the 
conglomerate.  To  the  west  of  the  Marsh  farm  is  Spring  Run,  a  tribu- 
tary of  Mill  Creek,  and  along  part  of  its  course  are  outcrops  of  the  Wa- 
verly  rocks.  The  following  section  was  obtained  on  this  run: 


Section  on  Spring  Run. 


Total 

Thick-  thick- 
ness. ness. 
Feet.  Feet. 


10.    Sharon  conglome  ate.    On  Otis  Marsh  farm. 
9.     Covered  interval,  some  93  feet  barometrically  ___________  _     93      26) 

8.  Meadville  upper  limestone  (?).  An  impure  calcareous 
layer,  which  probably  is  the  western  continuation  of 
this  stratum.  Just  below  the  limestone  are  slightly 
calcareous  layers  which  contain  abundant  and  well 
preserved  fossils.  At  the  base  a  layer  of  flaggy  sand- 
stone, containing  specimens  of  Pelecypods  and  some 
other  fossils  -__  2±  168 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

7.  Bank  of  15  feet  of  bluish  shale  with  thin  layers  of  sand- 
stone and  some  nodular,  concretionary  layers.  Part 
of  the  shale  weathers  to  a  rather  olive  color.  This  is 
the  first  shale  bank  above  the  highway 15  166 

6.  Partly  covered  interval  with  buff  to  bluish-gray,  fine- 
grained, flaggy  sandstone 25  151 

5.    More  or  less  covered  interval 40      126  + 

4.  Meadville  lower  limestone.  Impure,  glassy,  blue  limestone, 
1  foot  4  inches  thick;  above  which  are  three  feet  of 
bluish  shales,  while  thin  sandstones  are  below  the  lime- 
stone stratum 1£  86| 

3.     Mainly  covered  interval   45        85 

2.  Bluish,  argillaceous  shale,  about  3  feet  shown  in  bank  of 

run 3  40 

1.  Covered  interval  as  far  as  Spring  Run  was  followed  down 

stream ^ 37  37 

In  the  above  section  if  the  upper  impure  limestone  is  the  equiv- 
alent of  the  upper  Meadville,  then  it  occurs  about  93  feet  below  the 
ledge  of  Sharon  conglomerate  on  the  Marsh  farm,  which  may  not  be 
its  actual  base.  The  interval  between  the  Meadville  lower  limestone 
and  the  same  conglomerate  ledge  is  175  feet,  and  the  interval  between 
the  two  limestones  is  about  81  feet.  On  returning,  however,  readings 
taken  only  20  minutes  apart  at  the  two  limestones  gave  the  thickness 
of  the  interval  between  them  as  95  feet.  In  the  main  the  thickness 
of  the  above  intervals  was  obtained  by  the  barometer.  The  differ- 
ence, however,  in  their  thickness  is  not  great  when  compared  with 
Dr.  White's  standard  section  for  Crawford  and  Erie  counties,  since 
that  gives  100  feet  from  the  base  of  the  Sharon  conglomerate  to  the 
Meadville  upper  limestone;  191  feet  from  the  Sharon  to  the  Meadville 
lower  limestone,  and  90  feet  for  the  thickness  of  the  interval  between 
the  Meadville  lower  and  upper  limestones.1  No  outcrops  of  the  She- 
nango  sandstone  were  found  in  this  northeastern  part  of  Vernon  Town- 
ship, and  the  adjacent  part  of  West  Salem  Township  in  Pennsylvania. 

In  Professor  Cushing's  manuscript,  which  was  written  more  than 
twenty  years  ago,  is  the  following  description  of  a  section  in  Vernon 
Township,  which  perhaps  the  writer  did  not  visit: 

"The  best  section  was  obtained  at  Andrew  Biggen  and  L.  P.  Lang- 
ley's  places  in  the  northern  part  of  the  township  on  the  road  from  Kins- 
man to  Burghill.  In  the  creek  on  Mr.  Langley's  place,  near  the  road, 
the  Sharpsville  sandstone  is  well  exposed,  with  a  thickness  of  50  feet, 
and  presenting  the  same  characters  as  in  Williamsfield.  (Two  and 
one-half  miles  from  Kinsman,  on  the  road  to  Greenville,  Pa.,  I  obtained 
specimens  of  Lingula  cuyahoga  from  shaly  partings  in  this  sandstone.) 
Above  it  lie  80  feet  of  intermingled  soft  blue-gray  clay  shales,  thin 

'Second  Geol.  Surv.  Pa.,  Q4,  p.  66. 
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bedded  friable  yellow  sandstones,  buff  colored  micaceous  sandy 
shales  and  flags,  and  hard,  ferruginous  and  slightly  calcareous  flags. 
The  relative  amounts  of  these  vary  much  in  different  sections;  some- 
times the  flags  fill  nearly  the  entire  interval,  sometimes  no  more  than 
half.  In  the  upper  20  feet  poorly  preserved  fossils  are  quite  abundant 
in  the  sandy  layers.  *  *  *  *  Directly  above  lies  the  Meadville 
upper  limestone,  which  is  here  6  inches  thick,  and  unfossilif  erous  *  *  * 

"The  Shenango  sandstone  lies  10  feet  above  this  limestone.  The 
intervening  shales  are  not  well  exposed,  seem  to  consist  in  the  main 
of  soft  gray  shales,  and  are  unfossiliferous  so  far  as  I  could  discover. 
The  sandstone  is  an  almost  purely  siliceous  grit,  firmly  cemented, 
stained  very  yellow  with  iron,  contains  numerous  clay  iron  nodules 
of  all  shapes  and  sizes,  and  badly  preserved  plant  and  fish  remains. 
In  general  it  is  very  massive,  but  sometimes  becomes  thin  bedded, 
when  it  is  finer  grained,  less  purely  siliceous,  and  contains  flat  nodules 
of  clay  or  shale." 

The  road  from  Vernon  to  Johnstonville  crosses  Mill  Creek  about 
one  mile  west  of  Vernon.  .Outcrops  of  sandstone  occur  on  this  creek 
and  another  stream  which  is  crossed  before  reaching  the  first  north  and 
south  road  west  of  Vernon.  The  writer  did  not  have  time  to  examine 
them;  but  judging  from  the  topographic  sheet  and  the  section  studied 
on  Sugar  Creek,  two  miles  to  the  northwest,  they  are  stratigraphically 
higher  than  the  Berea  sandstone. 

On  the  southern  bank  of  Sugar  Creek  below  Corinth,  just  over 
the  township  line  in  Johnston  Township,  is  a  bank  of  black  shale  capped 
by  a  thin-bedded  to  shaly  sandstone.  The  following  section  was  meas- 
ured near  the  lower  end  of  the  bank  at  this  locality: 


Corinth  Section  on  Sugar  Creek. 


Total 

Thick-  thick- 
ness. ness. 
Feet.  Feet. 


3.     Blackish,  argillaceous  shale,  about  U  feet  shown  _________       1£      12| 

2.     Gray,  shaly  to  thin-bedded  sandstone.      This  same  zone 
is  apparently  shown  in  highway  cuttings  on  both  roads 
crossing  the  creek  a  little  below  this  section  ___________       1£      lOf 

1.  Black,  tough,  rather  massive  shale  before  weathering, 
which  splits  up  in  rather  large  blocks.  Fossils  common 
in  the  lower  part  near  creek  level.  _  -  _________________  9£  9£ 

Some  distance  below  Corinth  on  Sugar  Creek,  sandstones  were 
seen  which  are  in  the  Berea  formation.  The  Corinth  section  is  in  the 
Orangeville  formation;  but  time  did  not  permit  determining  whether 
zone  No.  1  corresponds  to  the  Sunbury  shale  and  zone  No.  2  to  the  Aurora 
sandstone  (?)  or  whether  it  is  stratigraphically  higher  in  the  forma- 
tion. 
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This  is  the  locality  described  as  follows  by  Mr.  Read  under  the 
heading  of  "The  Cuyahoga  shale": 

"Near  the  west  line  of  Vernon,  layers  of  the  shale  are  filled  with 
a  profusion  of  Lingulce  and  a  great  variety  of  chambered  shells,  but 
the  material  containing  them  is  so  soft  and  friable  that  they  cannot 
be  well  preserved.  In  the  bed  of  the  same  stream,  at  a  little  lower 
level,  beautifully  preserved  Discince  are  so  abundant  that  slabs  of  a 
large  size  may  be  obtained,  completely  covered  by  them."1 

This  section  was  also  studied  by  Professor  Gushing,  who  wrote  as 
follows  concerning  it:  "In  his  report  [Read's]  he  mentions  the  occur- 
rence of  Berea  shale  in  two  localities  in  Trumbull  county,  viz.,  in  the 
bed  of  the  Mahoning  west  of  Warren,  and  near  the  west  line  of  Vernon 
(Geol.  Surv.  Ohio,  Vol.  I,  p.  504).  It  occurs  in  each  place  as  he  states, 
is  covered  in  each  by  the  Sharpsville  sandstone,  and  in  the  latter  local- 
ity the  Berea  is  found  underlying  it.  This  is  the  same  formation  that 
he  calls  Bedford  shale  near  the  state  line  (p.  508)." 

Kinsman  Township. — This  township  lies  directly  north  of  Ver- 
non and  is  crossed  from  the  southeast  to  the  northwest  by  the  fairly 
steep  escarpment  east  of  Pymatuning  Creek.  From  this  high  ground 
to  the  east  a  number  of  streams  descend  to  the  Pymatuning,  some  of 
which  give  fairly  good  outcrops  of  the  rocks  passed  over.  Probably 
the  best  one  for  this  purpose  is  Mill  Creek,  that  rises  in  West  Salem 
Township,  Pennsylvania,  and  flows  across  the  southeastern  part  of 
Kinsman  Township  not  far  north  of  the  township  line,  which  it  finally 
crosses  into  Vernon  Township  before  receiving  Spring  Run,  and  far- 
ther to  the  southwest  enters  Pymatuning  Creek.  The  stream  was  fol- 
lowed from  the  lowest  Paleozoic  outcrops  shown  on  it,  which  are  re- 
ferred to  the  Berea  formation,  to  the  State  line,  where  the  Shenango 
shales  occur.  At  this  locality  is  the  fourth  bridge  as  the  stream  is 
ascended,  six  miles  north  of  Orangeville,  four  and  one-half  miles  south- 
east of.  Kinsman  and  six  miles  northwest  of  Greenville,  Pennsylvania. 
At  this  corner  the  farm  of  J.  A.  McBroom  is  just  over  the  State  line  in 
West  Salem  Township. 

Mill  Creek  Section. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

21.  Sharon  conglomerate.  Top  of  Hobart  Hill  (on  the  A.  C. 
Hobart  farm),  one-half  mile  west  of  State  line,  and  the 
northeast  corner  farm  of  Vernon  Township.  There  is 
an  old  quarry  at  this  locality  in  which  part  of  the  rock 
is  rather  pebbly,  while  other  portions  consist  of  a  very 
pure  quartz  sandstone,  light  gray  to  white  in  color. 
Mr.  D.  D.  F.  Hobart  stated  that  about  1884  a  well  was 
drilled  at  this  locality,  which  gave  15  to  20  feet  of 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

Sharon  conglomerate,  from  which  the  thickness  used 
in  this  section  was  taken.  The  top  of  the  ledge  is  gla- 
ciated, showing  glacial  striae  which  run  about  N.  5° 
E.  and'S.  5°  W 15±  331 

20.    Covered  interval  down  the  northern  slope  of  Hobart  Hill 

to  Mill  Creek . 36±  316 

19.  Shenango  shales.  Shales  on  bank  of  creek  at  fourth  bridge 
in  going  up  stream,  6  miles  north  of  Orange ville.  Lower, 
the  zone  is  partly  covered;  but  also  showing  shales 
alternating  with  thin  layers  of  sandstone 10  280 

18.  Shenango  sandstone.  At  top,  finer  grained,  buff  sand- 
stone in  bed  of  creek.  At  base,  in  bank  of  creek,  a 
ledge  of  very  coarse-grained,  brownish  sandstone, 
which  lithologically  resembles  the  Shenango.  A  little 
above  the  ledge  is  an  old  pit,  where  a  rather  massive 
sandstone,  containing  clay  ironstone  nodules,  has  been 
quarried  to  a  slight  extent.  This  ledge  is  on  the  farm 
of  William  Wade,  the  southeastern  corner  farm  of 
Kinsman  Township 10  270 

17.  Mostly  covered  interval;  but  at  the  base  in  the  bed  of  the 
creek  is  a  somewhat  calcareous  layer,  which  is  at  the 
third  bridge,  apparently  on  a  lane  leading  to  a  farm 
house 20  260 

16.    Mostly  covered  interval;  but  at  the  base,  in  the  bed  of  the 

creek,  a  blue,  somewhat  calcareous  layer 10      240 

15.  Partly  covered  interval;  but  near  the  base  the  Mead  ville 
upper  limestone  is  shown.  On  the  second  road  on  each 
side  of  the  creek  is  a  ledge  of  fine-grained,  buff  sand- 
stone, containing  calcareo-iron  concretions 14  230 

14.  Meadville  upper  limestone  (?).  Two  feet  below  the  sand- 
stone ledge,  as  shown  on  the  highway,  is  a  layer  of  cal- 
careous, bluish  rock,  which  to  some  extent  resembles 
lithologically  the  Meadville  upper  limestone.  This 
outcrop  is  on  the  north  and  south  highway,  north  of 
Mr.  Hobart's  house.  This  zone  of  blue,  calcareous 
shale  is  also  shown  in  the  creek  bed  above  the  highway.  1  ±  216 

13.  Partly  covered  zone;  but  ledges  of  bluish-gray  to  buff, 
fine-grained  sandstone  shown  in  bed  of  creek  beneath 
bridge 25  215 

12.  Buff  to  bluish,  fine-grained,  flaggy  sandstones,  alternat- 
ing with  shales.  The  top  of  the  fairly  heavy  flags  is 
20  feet  higher  than  the  base  of  the  zone.  Near  the 
base  of  the  sandstone  a  layer  containing  numerous 
specimens  of  Orbiculoidea  newberryi  (Hall)  Herrick, 
where  slabs  containing  good  specimens  may  be  ob- 
tained. A  specimen  showing  the  internal  characters 
of  the  pedicle  valve  and  the  pedicle  area  was  compared 
with  the  hypotype  of  this  species  from  Cuyahoga  Falls, 
Ohio,  in  the  New  York  State  Museum  (which  is  shown 
on  fig.  18,  pi.  4  F,  pt.  1,  Vol.  VIII,  Pal.  N.  Y.),  with 
which  it  closely  agrees.  The  pedicle  area  is  better 
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preserved  on  the  Mill  Creek  specimen  than  on  the 
hypotype 20      190 

11.  Shale  zone  composed  of  bluish,  argillaceous  shales,  con- 
taining numerous  calcareo-iron  concretions 3£  170 

10.  Sharpsville  upper  sandstone.  Flaggy,  irregular  layers 
of  sandstone  along  the  bed  of  the  creek.  At  the  base 
of  this  zone  a  rather  massive  sandstone  layer 26£  166£ 

9.  At  the  top,  rather  thin  shales;  but  most  of  the  zone  com- 
posed of  fairly  flaggy,  sandstone  layers,  about  like  the 
overlying  zone  20  140 

8.  Meadville  lower  limestone.  Blue,  compact,  impure  lime- 
stone, rounded  on  the  weathered  edges,  with  the  litho- 
logic  appearance  of  this  limestone  in  its  typical  region. 
The  glassy  lustre  is  noticeable  on  the  fresh  fracture  of 
an  unweathered  surface.  Thickness  9  inches.  Ex- 
posed on  the  creek  bank,  just  below  the  house  of  Mr. 
W.  Bidwell,  near  the  Kinsman-Vernon  Township  line. 
This  locality  is  about  three-fourths  of  a  mile  down  the 
stream  from  the  bridge  where  the  Meadville  upper 
limestone  (?)  is  exposed;  more  than  a  mile  above  the 
Orangeville  road  bridge  over  the  creek,  and  nearly 
2£  miles  southeast  of  Kinsman f  120 — 

7.  Sharpsville  lower  sandstone.  Fairly  massive,  compact, 
fine-grained,  bluish  to  buff  sandstones.  An  old  quarry 
on  the  Leonard  Cole  farm,  just  south  of  the 
creek,  is  some  6  miles  northwest  of  Orangeville. 
The  Meadville  lower  limestone  is  apparently  shown 
just  at  the  top  of  the  old  quarry  wall.  The  thicker 
layers  of  sandstone  in  the  quarry  are  light  gray  in 
color,  fine-grained,  making  a  rather  compact  rock, 
which  in  some  layers  crumbles  rather  readily  in  the 
fingers.  There  are  many  layers  of  shaly  sandstone  to 
shale,  and  the  thickest  sandstones  do  not  apparently 
split  into  very  even  layers.  Sixteen  feet  was  measured 
in  the  quarry  wall 19  119 

6.  Orangeville  formation.  Partly  covered  on  eastern  bank 
of  creek  below  the  base  of  the  quarry;  but  in  the  western 
bank  14£  feet  is  shown,  of  blue,  arenaceous  and  argilla- 
ceous shales,  alternating  with  mostly  thin-bedded 
sandstones.  In  the  creek,  below  the  quarry,  is  an 
occasional  layer  of  bluish,  thin-bedded  sandstone  with 
ripple-marks.  On  the  bank  of  the  creek,  below  the 
quarry,  and  at  the  base  of  the  cliff  on  the  opposite  side, 
is  a  layer  of  blue,  argillaceous  shale,  which  contains 
numerous  specimens  of  a  large  Lingula,  an  Orbiculoidea 
and  a  few  other  fossils 14£  100 

5.  Upper  part  of  zone  covered;  but  some  rods  below  the  quarry 
is  bluish,  somewhat  gritty  shale,  containing  large 
numbers  of  Lingula  melie  Hall,  a  large  Lingula  and 
Orbiculoidea.  Below  these  shales,  in  bank  and  bed 
of  the  creek,  are  thin,  bluish,  fine-grained  flaggy  sand- 
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stones,  alternating  with  bluish,  argillaceous  and  are- 
naceous shales 15^  85^ 

4.  Upper  part  of  zone  covered;  but  at  the  base  2|  feet  of  bluish, 
argillaceous  shale,  some  of  which  is  gritty,  which  on 
the  weathered  surface  is  of  brownish  color 10  70 

3.  Partly  covered  zone;  but  exposed  rocks  all  decidedly  blue 

shale  20  60 

2.  Berea  grit.  Ledge  of  coarse-grained  sandstone  forming 
bed  of  stream,  containing  much  iron  pyrites,  and  the 
upper  surface  rough  and  irregular,  with  all  the  appear- 
ance of  the  top  of  the  Berea.  About  one  foot  of  the 
massive  sandstone  is  shown  in  each  stream,  Mill  Creek 
and  the  branch  from  the  southeast,  (Spring  Run  ?). 
Below  the  massive  sandstone  is  shown  another  foot  of 
blackish,  gritty,  shaly  rock,  containing  iron  pyrites  __  2±  40 

1 .  Followed  the  stream  to  a  point  40  feet  lower  than  the  Berea 
grit;  but  the  lower  35  feet  was  all  in  gravel  banks.  In 
sight  of  the  Orangeville-Kinsman  highway 38  38 

From  the  shales  of  No.  6  of  the  above  section,  as  exposed  along 
Mill  Creek  on  the  Leonard  Cole  farm,  which  form  the  upper  zone  of 
the  Orange ville  formation,  the  following  species  were  collected: 

1.     Lingula  cuyahoga  Hall  (?)  (a) 

The  most  of  these  specimens  have  about  the  size, 
outline  and  proportion  of  length  to  width  (5  to  3)  of  this 
species.  They  are,  however,  somewhat  smaller  than 
the  type  specimen  of  this  species  in  the  American 
Museum,  and  the  proportion  of  some  specimens  is  nearer 
3  to  2;  but  they  are  larger  than  the  types  of  L.  melie 
Hall,  as  is  shown  by  the  following  table: 

Length.  Width. 

Mill  Creek  specimen,        14.5  mm.          10       mm. 

14.5     «  8.75     « 

«        «  «  14        «  95       « 

"        "  "  13.5     "  8.5       " 

«  «  13        «  9          « 

Type  specimen,  15        "  10          " 

Again,  these  specimens  resemble  more  closely  Her- 
rick's  figures  of  L.  atra  (Geol.  Surv.  Ohio,  Vol.  VII,  pt. 
2,  pi.  22,  figs.  5  and  6)  than  his  figure  9  of  L.  cuyahoga. 
The  measurement  of  his  figures  is  as  follows: 

Length.  Width. 

L.  atra,   fig.  5,                     14.7  mm.          9.8    mm. 
*      "        *     6,                    15.8     «  10.4      « 
"       "    Herrick's  de- 
scription,                      16        "  10.5       " 
L.  cuyahoga,  fig.  9,             12.9     "  7  .       " 
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It  will  be  seen  that  the  size  of  fig.  5  of  L.  atra  is 
almost  identical  with  that  of  the  first  specimen  in  the 
Mill  Creek  list.  An  examination  of  the  types  of  L.  melie 
and  L.  cuyahoga  in  the  American  Museum  led  the  writer 
to  think  that  perhaps  Herrick's  fig.  9,  which  he  called 
L.  cuyahoga,  ought  to  be  referred  to  L.  melie,  and  that 
figs.  5  and  6  of  L.  atra  may  perhaps  be  referred  to  L. 
cuyahoga.  The  originals  of  Herrick's  figures  have  not 
yet  been  examined,  which  is  necessary  before  a  positive 
opinion  can  be  given  concerning  these  very  similar  forms. 

2.  Lingula  melie  Hall (r) 

A  few  specimens,  which  are  of  medium  size  as  compared 
with  authentic  ones  of  this  species  from  the  typical  lo- 
cality, and  have  about  the  same  proportion  of  length  to 
breadth,  viz.,  3  to  2.  The  measurement  of  3  specimens 
is  as  follows: 

Length.  Width. 

Mill  Creek  specimen,  9      mm.          6       mm. 

«        «  «  7>5     a  5          « 

«  «  «  7  «  4  75       a 

Type  specimen,  fig.   3,       11        "  7.2       " 

"  "      4         9.5     "  5.5       " 

It  will  be  seen  that  the  first  two  of  the  above  Mill 
Creek  specimens  have  the  exact  proportion  of  3  to  2  for 
length  to  width,  while  that  of  the  third  is  nearly  the 
same;  but  that  in  actual  size  they  are  somewhat  smaller 
than  the  type  specimens  of  this  species  in  the  American 
Museum. 

3.  Orbiculoidea  herzeri  Hall  and  Clarke (r) 

The  specimens  have  the  narrower  pedicle  area  of  this  species 
rather  than  the  broader  one  of  0.  newberryi  (Hall)  Her- 
rick,  as  stated  in  foot  note  on  p.  126,  pt.  1,  Vol.  VIII, 
Pal.  N.  Y.  The  interior  of  a  pedicle  valve  and  its  im- 
pression were  compared  with  type  specimens  in  the  New 
York  State  Museum,  with  which  they  agree.  The  apex 
of  a  brachial  valve,  which  probably  belongs  to  this 
species,  is  rather  high,  being  about  11.5  mm.  long  and 
12  mm.  wide. 

4.  Nucula  houghtoni  Stevens ' (rr) 

These  specimens  are  not  quite  so  long  as  those  described  by 
Hall,  and  the  concentric  varices  of  growth  are  stronger 
toward  the  margin  than  in  his  figures;  still  they  are 
considered  as  identical  Length  of  Mill  Creek  specimen 
12.5  mm.,  and  height  10.5  mm.;  while  Hall's  description 
gives  the  length  as  17  mm.  and  height  as  13  mm.,  in  which 
the  length  is  more  than  one-fourth  greater  than  the 
height,  while  in  the  specimens  under  consideration  it  is 
a  little  less. 

5.  (?)  Schizodus  cf.  cuneus  Hall (rr) 

The  specimen  agrees  with  Herrick's  fig.  15,  pi.  5,  Vol.  Ill, 
Bull.  Sci.  Lab.  Denison  University,  which  he  called 
Schizodus  cuneus.  This  specimen  and  Herrick's  figure 
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do  riot  agree  closely  with  the  figures  accompanying 
Hall's  description  of  the  species,  and  it  is  a  question 
whether  they  are  identical.  The  Mill  Creek  specimen 
is  marked  by  close,  thread-like,  concentric  lines  and  it 
may  possibly  be  a  Nucula. 

6.     (?)  Sanguinolites  sp (rr) 

An  external  impression  which  is  not  well  preserved. 

This  section  along  Mill  Creek  is  one  of  the  most  important  found 
in  eastern  Trumbull  and  Ashtabula  counties,  since  it  gives  fairly  good 
outcrops  of  the  formations  from  the  top  of  the  Berea  grit  to  the  Sharon 
conglomerate.  There  are  few  continuous  sections  in  northeastern 
Ohio  as  long  as  this  one,  and  although  most  of  the  measurements  are 
barometric,  they  were  checked  by  two  readings,  so  it  is  thought  that 
they  are  fairly  accurate.  Perhaps  the  most  important  fact  shown  by 
this  section  is  that  the  interval  from  the  Berea  grit  up  to  the  Sharon 
conglomerate  is  in  the  neighborhood  of  276  feet.  This,  of  course, 
shows  conclusively  that  Read  was  mistaken  in  stating  that  in  Trum- 
bull County  the  horizon  of  the  Berea  grit  "is  about  100  feet  below  the 
Conglomerate."1  This  determination  is  in  close  agreement  with  that 
of  Dr.  I.  C.  White,  who  stated  that  the  "Cuyahoga  shale  series  *  *  * 
shows  a  constant  thickness  of  about  300'  all  over  northern  Ohio  and 
northwestern  Pennsylvania;"5  although  he  was  mistaken  in  supposing 
that  this  thickness  remained  constant  over  all  of  northern  Ohio.  Pro- 
fessor Gushing  made  the  interval  between  the  Berea  and  the  conglom- 
erate 235  feet  in  his  section  in  Ashtabula  and  Trumbull  counties,  near 
the  State  line,3  which  is  40  feet  less  than  the  estimate  in  the  writer's 
section  of  Mill  Creek.  In  this  section  there  is  about  60  feet  of  the  Orange- 
ville  formation,  the  lower  25  feet  of  which  is  blue  shale;  but  in  the  up- 
per part  are  sandstones  alternating  with  shales.  The  Sharps ville 
lower  sandstone  is  some  19  feet  in  thickness  above  which  is  the  Mead- 
ville  lower  limestone,  9  inches  thick  and  resembling  closely  in  litho- 
logic  appearance  this  limestone  in  its  typical  region.  From  the  Berea 
sandstone  to  the  Meadville  lower  limestone  is  79  feet  in  this  section, 
and  87  feet  in  Professor  White's  generalized  section  for  Erie  and  Craw- 
ford counties4  from  the  Meadville  lower  limestone  down  to  the  Corry 
sandstone,  the  latter  of  which  he  regarded  as  the  eastern  continuation 
of  the  Berea  grit.5  In  the  Mill  Creek  section  there  is  some  46  J  feet, 
mainly  sandstones,  which  may  be  called  the  Sharpsville  upper  sand- 
stone, which  is  given  a  thickness  of  50  feet  on  Dr.  White's  general- 
ized section.  On  the  Mill  Creek  section  the  interval  from  the  Berea 
grit  to  the  horizon  that  has  been  tentatively  correlated  with  the  Mead- 
ville upper  limestone  is  175  feet,  or  according  to  another  record,  with 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  502. 

'Second  Geol.  Surv.  Pa.,  Q4,  1881,  p.  86. 

'Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXVI,  1888,  p.  214,  No.  2  of  sections. 

4Second  Geol.  Surv.  Pa.,  Q4,  Ip.  66. 

5Ibid.,  p.  94. 
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an  interval  of  nearly  one  hour  between  the  readings,  180  feet,  while  on 
Dr.  White's  generalized  section  the  thickness  for  the  same  interval  is 
179  feet.  The  intervals  between  the  two  Meadville  limestones  is  95 
feet  on  Mill  Creek  and  90  feet  on  Dr.  White's  section.  The  interval 
from  the  Meadville  upper  limestone  to  the  Shenango  sandstone  on  Mill 
Creek  is  44  feet,  as  compared  with  25  feet  on  Dr.  White's  section,  and 
the  Shenango  sandstone  10  feet  thick  against  25  feet  in  the  Pennsylvania 
section.  From  the  Shenango  sandstone  in  Mill  Creek  to  the  Sharon 
conglomerate  on  Hobart  Hill  is  some  46  feet,  and  50  feet  in  Dr.  White's 
section.  Finally,  from  the  Meadville  upper  limestone  on  Mill  Creek 
to  the  Sharon  conglomerate  on  Hobart  Hill  is  100  feet,  or  105  feet, 
according  to  another  reading,  while  the  same  interval  on  Dr.  White's 
section  is  also  100  feet. 

Mr.  Hobart  stated  that  in  1884  or  thereabouts  a  well  was  drilled 
on  the  Hobart  Hill  in  prospecting  for  coal,  which  began  on  the  high 
ground.  According  to  his  recollection  it  passed  through  15  to  20 
feet  of  Sharon  conglomerate,  and  at  a  depth  of  from  60  to  70 
feet  a  sandstone  was  struck,  which  would  indicate  from  45  to  50  feet 
for  the  thickness  of  the  Shenango  shales,  when  a  sandstone  perhaps 
15  feet  in  thickness  was  reached,  which  is  apparently  the  Shenango. 

Below  this  sandstone  was  shale  to  the  bottom  of  the  well  which 
was  90  feet  deep.  The  Hobart  Hill  is  on  the  first  farm  to  the  north  of 
the  Otis  Marsh  farm,  where  the  Sharon  conglomerate  has  already  been 
reported. 

Other  outcrops  of  the  Shenango  sandstone  were  not  seen  in  the 
southeastern  corner  of  Kinsman  Township,  aside  from  the  one  already 
described  on  Mill  Creek,  but  interesting  outcrops  of  it  were  found  on 
the  James  Brockway  farm  in  the  northwestern  part  of  West  Salem 
Township,  Mercer  County,  Pennsylvania.  This  locality  is  just  east 
of  a  four  corners  on  the  Kinsman-Greenville  highway,  five  miles  east 
of  Kinsman.  There  is  an  old  quarry  at  this  locality  just  south  of  the 
Kinsman-Greenville  road  where  10J  feet  of  the  sandstone  is  shown. 
It  is  a  coarse-grained,  quartz  sandstone,  containing  numerous  clay 
ironstone  pebbles.  The  general  color  of  the  stone  is  buff  with  numer- 
ous rusty  spots,  due  to  iron  staining,  but  the  individual  grains  of  quartz 
sand  are  white  as  seen  through  a  microscope.  In  a  run  below  the 
James  Brockway  quarry  is  an  outcrop  of  the  Meadville  upper  lime- 
stone less  than  a  foot  in  thickness,  above  which  about  10  feet  of  the 
Meadville  upper  shale  is  shown.  This  section  is  as  follows: 

Section  on  James  Brockway  Farm.  Total 

Thick-  thick- 
ness,    ness. 
No.  4  Feet.     Feet. 

4.  Shenango  sandstone.  Coarse-grained,  quartz  sandstone, 
containing  numerous  clay  ironstone  concretions.  Buff 
color  in  general,  with  numerous  rusty  spots;  but  indi- 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

vidual  quartz  grains  are  white.  The  rock  has  the 
lithologic  characters  of  the  Shenango  sandstone  as  ex- 
posed about  Jamestown,  Pennsylvania,  where  it  was 
identified  and  described  by  Dr.  White,  who  named  this 
terrane 10£+  56 

3.  Covered  interval  34£      45^ 

2.    Meadville    upper    shales.     Shales    and    shaly    sandstones 

exposed  on  bank  of  run  10±     11 

1.    Meadville   upper   limestone.     Exposed   in   run  below  the 

Brockway  quarry  and  is  less  than  a  foot  in  thickness 1  —      1  — 

To  the  east  of  the  highway  and  the  quarry  described  above  is  a 
newer  one,  in  which  about  6  feet  of  the  Shenango  sandstone  is  exposed. 
It  is  a  buff,  massive  sandstone  containing  numerous  iron-stone  con- 
cretions. The  top  of  the  rock  is  glaciated  with  striae  running  N.  W. 
and  S.  E.  A  hill  directly  south  of  the  Brockway  quarry  is  55  feet  higher 
than  it,  and  probably  is  underlain  by  the  Sharon  conglomerate,  since 
on  Dr.  White's  generalized  section  the  thickness  of  the  Shenango  shales, 
which  fill  the  interval  between  the  Shenango  sandstone  and  the  Sharon 
conglomerate,  is  50  feet,1  and  again  the  massive  Sharon  conglomerate 
resists  erosion  and  would  serve  as  a  support  for  the  hill.  On  the  high- 
way to  the  southwest  of  the  Brockway  quarry,  and  35  feet  higher  than 
it,  are  shaly  micaceous  sandstones,  which  probably  belong  in  the  flaggy 
layers  at  the  base  of  the  Sharon  conglomerate. 

An  interesting  section  of  the  upper  part  of  the  Berea  formation 
is  shown  on  Stratton  Creek,  beginning  about  one  and  one-half  miles 
above  and  to  the  northeast  of  Kinsman.  The  lowest  outcrops  occur 
on  the  eastern  bank  of  the  creek  a  little  below  the  highway  bridge  at 
the  old  Hamilton  mill,  which  is  now  the  Kinsman  Electric  Light  Plant. 
These  lowest  outcrops  consist  of  rather  thin-bedded,  fine-grained  sand- 
stones, bluish  in  color,  alternating  with  blue  shales.  Farther  down 
the  creek  the  banks  are  apparently  soil  and  gravel,  while  for  one-fourth 
mile  above  the  mill  up  to  the  pond  the  older  rocks  are  frequently  shown, 
although  there  are  not  infrequent  banks  of  drift.  The  following  sec- 
tion, which  is  an  interesting  one,  was  measured  along  this  part  of  the 
stream. 

Section  on  Stratton  Creek. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

5.  Orangeville  formation.  Blackish,  fissile  shale.  This  out- 
crop is  on  the  western  bank,  opposite  the  dam,  which 
rests  on  top  of  the  Berea  sandstone 5=*=  36f 

4.  Zone  of  shaly,   light  gray  sandstone,   composed  of  fine 

quartz  grains,   alternating  with  blackish,   arenaceous 

shales,  7  inches  in  thickness -^    31| 


'Ibid.,  p.  66. 
25— G.  B.  15. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

3.  Sunbury  shale  (?).  Blackish,  fissile  shale,  which  when 
weathered  is  brown,  and  the  outside  of  the  laminae 
often  of  rusty  color 4^  31~iV 

2.  Berea  sandstone.  Upper  surface  irregular  from  weather- 
ing of  marcasite,  as  exposed  at  the  dam,  and  much  dis- 
colored. Rather  massive  layers  composed  of  fine- 
grained quartz  sandstone,  which  weathers  to  a  brown- 
ish or  rusty  color.  Splits  irregularly;  but  has  been 
quarried  for  local  use,  especially  on  the  opposite  side 
of  the  pond.  At  about  the  middle  of  the  zone  are  fos- 
sils, which  are  principally  inarticulate  Brachiopods. 
Continuation  of  the  sandstone  in  Pennsylvania,  near 
the  State  line,  that  was  called  the  Corry  by  Dr.  I.  C. 
White lf±  26| 

1.  Thin-bedded,  bluish-gray  sandstone,  composed  of  fine 
grains  of  quartz  sand,  with  some  thicker  layers,  alter- 
nating with  blue  shales  continuing  from  the  fall  at  the 
dam,  down  the  creek,  to  below  the  mill  and  highway 
bridge.  Some  of  the  layers  are  ripple-marked.  Bot- 
tom of  formation  not  reached 25±  25 

On  the  opposite  side  of  the  creek  from  the  Hamilton  mill  a  well 
was  drilled  at  the  Robert  Hamilton  house,  which,  according  to  Mr. 
J.  A.  Hamilton,  obtained  water  in  a  rather  coarse-grained,  soft  sand- 
stone at  a  depth  of  60  feet.  It  is  not  improbable  that  this  water-bearing 
horizon  is  in  the  Cussewago  sandstone,  in  which  case,  since  the  mouth 
of  the  well  is  25  feet  lower  than  the  top  of  the  Berea  sandstone,  the 
thickness  of  the  formation  is  apparently  at  least  85  feet.  A  well  drilled 
at  a  house  on  the  road  following  the  creek,  but  on  the  upland,  is  reported 
by  Mr.  Hamilton  to  have  obtained  water  at  a  depth  of  100  feet,  which 
is  probably  in  the  same  horizon  as  the  one  just  described  since  the  topo- 
graphic map  shows  that  its  mouth  is  some  40  feet  higher. 

The  fauna  obtained  from  the  upper  fairly  thick-bedded  course 
of  the  Berea  sandstone  at  this  locality  is  an  interesting  and  important 
one  on  account  of  the  rarity  of  fossils  in  this  formation. 

Williamsfield  Township. — This  is  the  southeastern  township 
of  Ashtabula  County  and  lies  directly  north  of  Kinsman  Township, 
the  northeastern  one  of  Trumbull  County.  To  the  east  of  Williams- 
field  Township  are  West  Shenango  and  South  Shenango  townships 
of  Crawford  County,  Pennsylvania. 

In  a  run  on  the  W.  H.  Stanhope  farm,  two  miles  south  of  Williams- 
field  P.  0.  (formerly  called  West  Williamsfield)  a  section  was  obtained 
that  gave  some  information  concerning  the  Berea  and  Orangeville 
formations. 
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Section  on  Stanhope  Farm. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Sharpsville  lower  sandstone  (?).  The  base  of  rather  fine- 
grained, buff  sandstones,  which  probably  are  at  or 
near  the  base  of  the  Lower  Sharpsville. 

3.  Orangeville  formation.  At  top,  about  two  feet  covered 
below  the  superjacent  sandstones,  when  about  3  feet 
of  bluish,  argillaceous  shale,  containing  calcareous, 
concretionary  layers  is  shown 5  100 

2.  Largely  covered  interval;  but  at  the  base  very  black, 
tough,  thin,  fissile  shale  which  closely  resembles  the 
Sunbury  45  95 

1.  Berea  grit.  Rather  coarse-grained  rock,  which  contains 
much  iron  pyrites,  so  that  the  upper  surface  is  rough 
when  weathered.  This  surface  has  the  usual  appear- 
ance of  that  of  the  Berea,  due  to  the  disintegration  of 
the  iron  pyrites.  Lower  is  an  old  quarry,  which  was 
worked  many  years  ago.  At  this  locality  are  two 
runs,  and  in  the  one  on  which  the  quarry  is  not  located, 
the  top  of  the  Berea  is  apparently  10  feet  higher  ac- 
cording to  the  barometric  readings.  The  rocks  at 
this  horizon  were  described  in  the  writer's  field  notes 
as  thin-bedded  sandstone,  with  frequent  ripple-marked 
layers,  and  some  blue,  arenaceous  shales.  The  upper 
part  rather  finer  grained  and  more  buff  in  color  than 
the  lower.  Just  above  the  sandstone,  loose,  thin,  black 
shales  occur.  On  this  run  the  lowest  exposure  of  sand- 
stone is  50  feet  lower  than  the  outcrop  just  described. 
The  lowest  outcrops  seen  begin  a  few  rods  below  the 
bridge  on  the  Kinsman-Williamsfield  highway,  and 
are  rather  thin-bedded,  flaggy  sandstones.  The  layers 
run  from  an  inch  to  two  inches  in  thickness;  are  buff  to 
bluish-gray  in  color,  rather  fine-grained,  and  some  of 
the  layers  have  numerous  ripple-marks.  It  appears 
probable  that  some  50  feet  of  Berea  sandstone  is  passed 
over  in  this  run  without  showing  the  base  of  the  forma- 
tion    50  50 

The  black  (Sunbury?)  shale  at  the  base  of  zone  No.  3  of  the  above 
section  contains  the  following  species: 

1.  Lingula  melie  Hall (c) 

Part  of  the  specimens  are  of  the  large  form  of  this  species,  as 
for  example,  one  is  11  mm.  long  and  7.5  mm.  wide;  which 
is  about  the  same  size  as  the  type  specimen  represented 
by  fig.  3  on  pi.  1,  Vol.  IV,  Pal.  N.  Y.,  that  is  11  mm.  long 
and  7.2  mm.  wide. 

2.  Orbiculoidea  herzeri  Hall  and  Clarke (c) 

3.  Chonetes  sp (rr) 

A  singlejiinperfectly  preserved  specimen,  with  semielliptical 
outline  and^numerous  radiating  lines  (striae). 
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The  Berea  grit  in  the  old  quarry  on  the  W.  H.  Stanhope  farm, 
zone  No.  1  of  the  above  section,  also  furnished  a  few  specimens  of  two 
different  species  of  Pelecypods.  On  account  of  the  very  infrequent 
occurrence  of  fossils  in  this  formation  in  Ohio  the  listing  of  any  is  of 
interest. 

1.  Pholadella  newberryi  Hall  (?) (rr) 

Two  impressions,  which  apparently  represent  a  small  form  of 
this  species.  The  length  is  about  28  mm.  and  height 
12  mm.,  instead  of  60  mm.  and  27  mm.,  respectively,  as 
given  in  Hall's  description.  The  formation  and  locality 
for  this  species  were  given  by  Hall  as  the  sandstones  of 
the  Waverly  in  Licking  County,  Ohio. 

2.  .  Leda  (or  Nuculana)  pandoriformis  Stevens  (?)  (r) 

The  specimens  are  impressions  which  agree  fairly  well  with 
the  description  of  this  species,  except  that  they  are 
smaller.  Their  length  is  16  mm.  and  height  8  mm., 
while  Hall,  in  his  description,  gave  the  length  as  26  mm. 
and  height  as  12  mm.  Professor  Hall  gave  the  forma- 
tion and  localities  of  this  species  as  Waverly  sandstone 
of  Newark,  Ohio,  and  Battle  Creek,  Michigan. 

The  above  section  apparently  shows  that  in  the  southern  part 
of  Williamsfield  Township,  the  Berea  formation  is  present  with  a  thick- 
ness of  more  than  50  feet,  overlying  which  is  the  Orangeville  forma- 
tion with  a  thickness  of  50  feet. 

Another  section  was  studied  on  a  run  crossing  the  land  of  C.  H. 
Ford,  one-half  mile  south  of  Williamsfield  P.  0.  This  run  shows  the 
same  series  of  rocks  that  is  exposed  on  the  one  crossing  the  Stanhope 
farm,  one  and  one-half  miles  to  the  south,  and  is  as  follows: 


Section  on  Ford  Run. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

3.  Sharpsville  lower  sandstone  (?).  A  thin-bedded  sand- 
stone, capping  a  bank  of  20  feet  of  shale,  which  is  prob- 
ably the  base  of  the  Lower  Sharpsville  sandstone. 

2.  Orangeville  formation.  At  top,  cliff  of  20  feet  of  shale, 
in  which  there  are  only  very  shaly  sandstone  layers, 
if  any  sandstone  at  all.  Near  the  base  of  the  forma- 
tion is  another  bank,  about  10  feet  in  height,  of  bluish- 
black,  argillaceous  shale,  of  which  the  upper  part  is 
rather  coarser  and  blocky.  Soft,  bluish-gray  shale 
in  the  bed  of  the  run  contains  specimens  of  a  small 
Lingula.  The  contact  of  the  shale  with  the  Berea  is 
not  shown 45  80 

1.  Berea  sandstone.  Top  of  the  formation  not  shown;  but 
not  far  below  its  top,  sandstones  occur,  which  are  ex- 
posed down  the  run  with  a  thickness  of  about  30  feet. 


GEOLOGICAL  SURVEY  OP  OHIO.  373 

Total 

Thick-  thick- 
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This  locality  is  only  a  few  rods  above  the  railroad  track. 
The  lower  outcrops  consist  of  thin-bedded,  bluish, 
coarse-grained  sandstone,  with  beds  of  bluish,  arena- 
ceous shales.  The  sandstone  is  much  ripple-marked 
and  similar  to  that  in  the  Stanhope  glen.  Base  of 
formation  not  shown.  The  Berea  sandstone  in  Ford 
Run  is  thin-bedded,  shaly,  and  not  massive  enough  to 
be  of  any  economic  importance 35  35 

These  outcrops  of  the  Berea  sandstone  in  the  streams  south  of 
Williamsfield  P.  O.  (West  Williamsfield)  are  interesting,  since  they 
clearly  fix  at  this  locality  the  sandstone  that  Read  called  the  lower 
member  of  the  Berea.  Read  described  this  sandstone  and  its  course 
across  Williamsfield  Township  as  follows:  "The  lower  member  [of  the 
the  Berea]  passing  along  the  higher  ground,  east  of  the  Pymatuning,  fol- 
lows the  course  marked  by  the  northern  green  line  on  the  map,  leaving 
the  state  somewhere  near  the  northern  part  of  Williamsfield,  but  is  there 
covered  with  drift.  It  is  exposed  in  several  points  near  the  old  state 
road  south  of  West  Williamsfield;  is  there  a  coarse  sandstone  in  thin 
layers,  spotted  with  iron,  and  was  used  by  the  early  settlers  for  grind- 
stones. The  lower  part  of  the  Berea  is  here  comparatively  thin  and 
probably  not  of  much  economical  value,  although  deserving  a  further 
exploration  to  test  its  extent  and  character."1  The  old  State  road 
mentioned  by  Read  is  the  Kinsman- Williamsfield  road  crossing  both 
of  the  runs  described  above  at  the  horizon  of  the  Berea  formation, 
which  is  the  only  sandstone  of  considersble  thickness  shown  on  them, 
so  that  there  can  be  no  doubt  that  in  this  locality  Read's  lower  mem- 
ber of  the  Berea  is  the  Berea  formation.  As  described  by  Read  it 
agrees  not  only  in  its  location,  but  in  its  lithologic  characters  as  well. 

On  the  State  road  above  and  below  the  center  of  Williamsfield 
P.  O.  the  Berea  sandstone  is  shown.  On  the  direct  road  from  Williams- 
field 'P.  O.  to  Williamsfield  (formerly  called  the  Center)  about  one-half 
mile  east  of  lower  turn  in  Williamsfield  P.  O.,  the  top  of  the  Orange- 
ville  formation  and  base  of  the  Lower  Sharpsville  sandstone  are  shown 
by  the  roadside.  There  is  a  small  covered  interval  so  that  the  exact 
contact  of  the  two  terranes  is  not  shown.  Below  the  highway  in  Wal- 
nut Run,  the  Orangeville  shale  is  rather  well  exposed.  This  locality 
is  by  the  W.  T.  Belts  or  Walnut  Run  farm,  and  the  section  down  the 
run  is  as  follows: 

Walnut  Run  Section  in  Williamsfield  P.  0.  Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

4.    Sharpsville     lower    sandstone.     Thin-bedded     sandstones 
shown  by  roadside   _ 


iGeol  Surv.  Ohio,  Vol.  I,  p.  508. 
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Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

3.  Orangeville  formation.  Largely  dark,  bluish  shale  in  upper 
part  of  formation.  Lowest  outcrop  in  gutter  on  east 
side  of  the  railroad  track  at  Walnut  Run,  where  the 

shale  is  almost  black  in  color  and  rather  tough 50        60 

2.     Covered  interval  10        10 

1.  Berea  sandstone.  Contact  of  sandstone  and  shale  not 
shown,  but  the  covered  interval  is  only  10  feet.  Thin- 
bedded  sandstones  shown  in  side  of  Walnut  Run,  below 
the  railroad  fill.  A  little  farther  down  the  stream, 
in  its  bank,  about  3  feet  of  thin-bedded,  flaggy  sand- 
stone is  shown,  which  is  moderately  coarse-grained, 
and  some  of  the  layers  have  conspicuous  ripple-marks. 
Twenty  feet  lower  than  the  first  sandstones  exposed, 
the  State  road  crosses  Walnut  Run  in  the  lower  end  of 
Williamsfield  P.  O.,  just  south  of  the  S.  B.  Ford  house. 

This  stream  gives  a  thickness  of  at  least  50  feet  for  the  Orange- 
ville formation,  to  which  may  belong  part  of  the  covered  10-foot  in- 
terval. The  course  of  the  run,  however,  is  to  the  southwest,  and  per- 
haps the  dip  increased  the  thickness  a  little. 

A  stream  about  one-half  mile  north  of  the  northern  part  of  Wil- 
liamsfield P.  0.  and  crossing  the  State  road  just  north  of  the  house 
owned  by  Wm.  Clark,  in  which  A.  B.  Daniels  lived  in  1910,  gave  a 
most  interesting  section  of  the  Berea  formation. 

Section  one-half  Mile  north  of  Williamsfield  P.  0. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

9.  Orangeville  formation.  Black  shale  in  side  of  bank,  sev- 
eral rods  above  the  railroad  fill;  and  in  bed  of  run  below 
this  bank,  thin  layer  of  sandstone.  Below  the  railroad 
fill,  black  shale  in  bed  and  on  bank  of  run.  At  the 
point  where  the  top  of  the  Berea  sandstone  occurs,  in 
the  bed  of  the  run,  there  is  on  the  northern  side  of  the 
stream  a  bank  of  7  feet  of  fine,  argillaceous  shale,  which 
is  mainly  bluish-black,  weathering  to  a  rusty  color. 
There  is  an  occasional  thicker  layer  in  the  upper  part 
of  the  bank.  The  lowest  shales  are  very  dark  in  color, 
and  in  these  Lingula  melie  Hall  and  a  larger  species 
of  Lingula  are  not  uncommon.  One  layer,  a  few  inches 
above  their  base,  contains  an  immense  number  of 
broken  Lingula  shells,  which  retain  their  shelly  ma- 
terial    12  85| 

8.  Berea  sandstone.  Top  of  the  sandstone  occurs  in  the  bed 
of  the  stream,  not  far  below  the  railroad  fill,  and  it  con- 
tains numerous  pits,  caused  by  the  weathering  out  of 
nodules  of  marcasite  and  iron  pyrites.  These  upper 
sandstones  are  bluish-gray  to  buff  in  color,  weathering 
brownish,  composed  of  rather  fine  grains  of  quartz 
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Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

sand;  are  thin-bedded  and  split  up  rather  unevenly. 
They  are  only  2  or  3  feet  in  thickness  and  correspond 
to  the  Corry  sandstone  of  Dr.  I.  C.  White  in  western 
Pennsylvania.  Below  are  much  thinner  bedded  sand- 
stones to  shaly  sandstones  and  shales.  The  thin  sand- 
stones in  this  zone  are  much  ripple-marked.  There 
is  an  occasional  layer  of  bluish-gray,  fine-grained, 
quartz  sandstone  6  inches  or  so  in  thickness.  These 
thicker  layers  weather  to  a  brownish  color  and  are  not 
so  very  different  in  lithologic  appearance  from  those  of 
the  Berea  formation  as  shown  in  the  Lithopolis  glen, 

southeast  of  Columbus,  in  central  Ohio 10        73^ 

7.  Zone  of  several  layers  of  sandstone  from  4  to  6  inches 
thick,  which  split  into  1-  to  2-inch  layers.  It  is  bluish- 
gray,  weathering  to  a  brownish  gray,  and  coarser, 
grained,  quartz  sandstone  than  those  above,  contain- 
ing some  clay  pebbles.  A  little  higher  than  the  base 
are  some  small  and  old  quarries.  This  zone  occurs  a 
few  rods  above  the  State  road,  and  is  from  3  to  5 

feet  in  thickness 3+     63? 

6.  Shaly  sandstone  to  shales,  which  are  blue  in  color,  and 
shown  on  the  stream  bank  a  short  distance  above  the 
State  road.  Some  of  the  shale  is  argillaceous;  but  part 
of  it  is  arenaceous,  containing  grains  of  white  quartz 
sand.  Some  of  the  thin,  irregularly  bedded  sandstones 
are  ripple-marked,  and  3|  feet  or  more  of  this  zone  is 
shown  on  the  bank  of  the  run.  The  rocks  of  this  zone 
more  closely  resemble  lithologically  the  Bedford, 

than  those  of  most  of  the  section 3|      60£ 

5.     Covered  interval,  both  above  and  below  the  highway 15        57 

4.  Thin-bedded,  micaceous  sandstones,  which  are  greatly 
ripple-marked,  and  composed  largely  of  grains  of  rather 
fine,  quartz  sand.  In  some  of  the  layers  the  quartz 
grains  are  fairly  coarse,  especially  in  the  lower  part 
of  the  zone.  They  contain  considerable  marcasite, 
and  certain  layers  are  decidedly  blue  in  color,  although 
part  are  buff.  There  is  a  great  number  of  ripple- 
marked  layers,  and  the  ripples  run  in  different  direc- 
tions on  different  layers 10  42 

3.     Covered  zone 10        32 

2.    Thin-bedded,  coarse-grained,  quartz  sandstone 1+     22 

1.  Top  of  massive  Cussewago  sandstone,  as  shown  in  bed  of 
run.  A  massive,  buff,  quartzose  sandstone,  which  is 
very  friable, with  the  lithologic  appearance  of  the  Cusse- 
wago sandstone  of  western  Pennsylvania.  When  wet 
in  the  bed  of  the  stream,  the  sandstone  is  much  more 
friable  than  when  dried  out  on  the  higher  bank  of  the 
run.  There  are  harder  layers,  which  are  thinner,  alter- 
nating with  the  soft  ones,  and  it  also  contains  some 
clay  ironstone  pebbles.  When  wet  the  color  is  rather 
greenish-buff,  but  light  buff  when  dry.  The  lowest 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

outcrop  occurs  in  the  bed  of  the  run  a  few  rods  above 
the  bridge  on  the  first  east  and  west  road  north  of 
Williamsfield  P.  O.  The  interval  along  the  run,  from 
the  top  of  the  coarse-grained  deposits  down  to  the 
lowest  exposure,  is  partly  covered,  although  there  are 
cliffs  of  sandstone  on  the  southern  bank  which  must 
practically  overlap,  so  that  all  of  it  may  not  have  this 
lithologic  character.  By  the  level,  21  feet  was  obtained 
for  the  thickness  of  this  zone,  while  the  barometer 
gave  20  feet . 21  21 

In  the  above  section  the  total  thickness  of  the  several  zones  from 
the  base  of  the  lowest  outcrop  of  sandstone  to  the  top  of  the  Berea 
formation  amounts  to  73J  feet.  The  thickness  of  the  greater  part  of 
this  interval  was  obtained  from  barometric  readings.  At  another 
time  readings  taken  at  the  lowest  exposure  of  sandstone  on  the  run 
and  the  top  of  the  Berea  formation,  with  an  interval  of  only  20  min- 
utes between  them,  gave  a  difference  in  altitude  of  95  feet.  This  is 
believed  to  be  the  more  accurate  determination  for  the  thickness  of 
the  entire  section,  since  the  topographic  sheet  indicates  a  thickness  of 
80  feet  or  more  for  this  interval,  but  the  subdivisions  of  the  section 
were  made  on  the  former  one,  and  consequently  that  has  been  used  in 
the  detailed  section.  In  fact,  still  a  third  reading  at  top  and  bottom 
gave  an  interval  of  105  feet,  but  it  is  thought  that  this  is  too 
great.  Again,  the  direction  of  the  stream  is  to  the  southwest,  and  the 
distance  from  the  top  to  the  bottom  of  the  sandstone  about  three- 
fourths  of  a  mile,  so  that  perhaps  the  dip  has  increased  a  little  the  ap- 
parent thickness  of  the  Berea  formation.  The  rocks  along  this  run 
were  better  shown  when  it  was  first  studied  in  1904  than  when  it  was 
reviewed  in  1910.  The  section,  however,  is  a  most  important  one 
for  the  Berea  formation  in  eastern  Ohio,  since  it  shows  that  it  has  a 
thickness  of  at  least  73J  feet  and  probably  of  more  than  80  feet. 

In  1910  the  lower  portion  of  the  above  section  was  almost  con- 
tinuously shown  and  the  following  measurements  were  made.  This 
section  began  with  the  lowest  exposure  in  the  bed  of  the  run,  then 
a  little  farther  up  stream  followed  a  gully  to  the  highway  on  the  south 
and  then  for  a  short  distance  along  this  road  gutter. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

3.  Upper  layers  as  shown  in  highway  gutter,  fine-grained 
sandstone,  2  feet  or  more  in  thickness,  and  lithologi- 
cally  not  very  different  from  sandstones  of  the  Bed- 
ford. Remainder  of  zone  composed  of  thin-bedded, 
coarse-grained,  quartz  sandstone  and  the  layers  fre- 
quently ripple-marked 9  22 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

2.     Layer  of  coarse-grained  sandstone   containing  numerous 

claypebbles   .          1=*     13 

1.     Thick-bedded,  massive,  very  soft,  coarse-grained,  quartz 

sandstone.     Typical  Cussewago  sandstone 12  =*=     12 

This  last  section  apparently  corresponds  to  the  lower  zone  of  the 
section  along  the  run,  but  perhaps  it  extends  stratigraphically  a  couple 
of  feet  or  so  higher.  It  shows  that  above  the  lower  12  or  13  feet  the 
rock  is  not  massive,  but  thin-bedded,  although  still  composed  of  rather 
coarse  grains  of  quartz  sand. 

The  writer  has  used  the  name  Cussewago  sandstone,  which  was 
given  by  Dr.  White  in  1881  to  a  sandstone  along  the  Cussewago  Val- 
ley in  Crawford  County,  Pennsylvania,  for  the  lowest  zone  of  the  Be- 
rea  formation  in  the  above  sections  because  of  its  lithologic  resemblance 
to  that  sandstone  and  similar  stratigraphic  position,  which  will  be 
shown  in  sections  between  this  locality  and  the  typical  ones  in  the 
Cussewago  Valley.  Dr.  White  described  the  Cussewago  sandstone 
in  its  typical  region  as  a  "very  peculiar  rock  (commonly  of  a  buffish- 
brown  color)  is  quite  coarse,  and  in  many  places  contains  pebbles;  but 
its  sand  grains  cohere  so  loosely  that  the  seemingly  massive  rock  crum- 
bles after  a  short  exposure  to  a  bed  of  sand.  ....  From  French 
Creek  to  the  Ohio  line  it  can  generally  be  traced  by  the  sand  along  its 
disintegrated  outcrop."1 

Furthermore,  Dr.  White  stated  that  "its  color  is  not  always  buff- 
brown;  occasionally  it  is  dark-green  or  greenish-blue 

Flat  quartz  pebbles  are  seen  in  it  at  many  localities."2 

In  the  eastern  part  of  Williamsfield  Township  and  three-fourths 
of  a  mile  west  of  the  State  line  is  a  ridge  on  which  are  large  blocks  of 
Sharon  conglomerate.  There  is  an  old  pit  where  the  rock  was  once 
quarried,  but  it  is  much  shattered  and  has  apparently  been  under- 
mined. The  base  of  these  blocks  according  to  the  barometric  reading 
is  only  about  65  feet  higher  than  the  top  of  the  Berea  sandstone  at 
Williamsfield  P.  O.  This  ridge  is  west  of  Turner  Station  on  the  Oil 
City  Branch  of  the  Lake  Shore  and  Michigan  Southern  Railroad.  This 
outcrop  was  known  to  Read  who  wrote  as  follows  concerning  it:  "In 
the  east  part  of  Williamsfield,  a  high  ridge  is  capped  with  the  Conglom- 
erate, which  has  supplied  a  large  part  of  the  stone  used  in  building  in 
that  part  of  the  county.  It  is  in  blocks  and  masses  of  large  size,  but 
evidently  much  below  its  geological  horizon,  having  resisted  the  pul- 
verizing and  denuding  agencies  which  have  removed  the  strata  be- 
low it."3 


'Second  Geol.  Surv.  Pa.,  Q4,  p.  95. 

'Ibid.,  p.  96. 

3Geol.  Surv.  Ohio,  Vol.  I,  p.  483. 
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Greene  and  West  Shenango  Townships,  Pa.  —  Some  time  was 
given  to  searching  for  outcrops  on  the  Pennsylvania  side  of  the  line 
in  Greene  and  West  Shenango  townships,  which  lie  directly  east  of 
Kinsman  and  Williamsfield  townships,  Ohio;  but  without  much  suc- 
cess. On  the  Crawford-Mercer  County  line,  one  mile  east  of  the  State 
line  on  Snodgrass  Run  on  the  farm  of  V.  Hitchcock,  are  bluish,  com- 
pact flaggy  sandstones  which  are  considered  the  Lower  Sharpsville. 
The  base  of  these  sandstones  is  on  the  run  a  few  rods  south 
of  the  road,  and  there  is  a  calcareous  and  iron  concretionary 
layer  just  above  the  base.  This  sandstone  has  been  quarried  slightly 
by  Mr.  V.  Hitchcock.  Farther  down  the  run  is  a  bank  of  bluish  shale 
with  layers  of  sandstone  an  inch  or  so  in  thickness,  which  is  some  15 
feet  high.  This  shale  bank  without  much  doubt  represents  the  upper 
part  of  the  Orangeville  formation.  One-half  mile  farther  down  the 
run  at  the  cross-road,  banks  of  shale  some  30  feet  in  height  are  reported, 
but  no  outcrops  of  sandstone  beneath  the  shale  had  been  noted.  On 
the  road  between  Tannersville  and  Jamestown,  where  the  railroad 
crosses  the  largest  stream,  are  cuttings  by  the  roadside  showing  10 
feet  or  more  of  the  Orangeville  shale.  This  is  probably  Snodgrass 
Run,  on  which  farther  up  stream  the  outcrops  were  studied  on  the 
farm  of  Mr.  Hitchcock. 

West  of  Brockway  Corners  on  a  run  in  the  northwestern  corner  of 
Mercer  County  are  apparently  quarry  pits.  Blocks  of  stone  probably 
from  them  are  fine-grained,  bluish  to  buff  in  color,  as  weathered,  and 
resemble  lithologically  the  Sharpsville  sandstones.  At  the  first  four 
corners  in  Ohio  west  of  Brockway's,  in  a  small  stream  on  the  Fred  Allen 
farm  in  the  northern  part  of  Kinsman  Township,  is  an  outcrop  of  Sharps- 
ville sandstone. 

The  outcrops  on  Snodgrass  Run  on  the  farm  of  V.  Hitchcock  are 
about  one  mile  east  of  the  Floch  farm  in  West  Shenango  Township  con- 
cerning which  Dr.  I.  C.  White  wrote  as  follows:  "The  Sharpsville  Upper 
Sandstone  has  been  quarried  near  the  southwestern  corner  of  the  township 
to  a  considerable  extent  on  the  land  of  Mr.  Floch.  It  is  made  up  of  thin 
layers  of  sandstone  from  4"  to  18"  thick,  some  of  which  make  very  good 
flagging. 

"This  is  the  locality  where  the  Berea  Grit  of  Ohio  was  supposed  to 
pass  into  Pennsylvania,  being  wrongly  identified  with  the  Sharpsville 
Sandstone;  but  the  true  Berea  Grit  is  to  be  found  100'  lower  in  the  series; 
being  probably  the  20'  sandstone  struck  at  a  depth  of  90'  in  the  Gibson 
well  near  Jamestown."1  There  is  some  mistake  concerning  the  location 
of  the  above  mentioned  quarry,  since  Mr.  Floch  states  that  there  has 
never  been  one  on  his  farm  or  in  that  vicinity. 

There  is  some  uncertainty  in  the  later  accounts  as  to  which  sand- 
stones are  to  be  correlated  with  Read's  two  members  of  the  Berea.  As 


'Second  Geol.  Surv.  Pa.,  Q4,  p.  155. 


GEOLOGICAL  SURVEY  OF  OHIO.  379 

has  been  shown  under  the  account  of  Vernon  Township,  Dr.  White 
correlated  the  Shenango  and  Sharpsville  sandstones  respectively  with 
the  upper  and  lower  members  of  the  Berea.  This  correlation  for  that 
township  appears  to  be  justified  by  Read's  description  of  the  Berea 
grit  in  Vernon,  which  he  stated  is  "exposed  in  massive  layers,  from 
which  blocks  of  any  desired  dimensions  may  be  taken.  It  is  here 
firm  and  strong,  but  contains  nodules  of  iron  ore  which  will  be  likely  to 
color  the  stone  and  detract  from  its  value  if  used  for  building  purposes."1 
The  above  lithologic  description  of  the  rock  when  considered  in  con- 
nection with  the  fact  that  the  true  Berea  was  not  seen  in  that  township, 
apparently  proves  that  it  was  the  Shenango  sandstone  that  Read 
was  describing. 

On  Read's  geological  map  the  Berea  is  represented  as  dividing 
in  the  northern  part  of  Vernon  Township,  the  upper  member  represented 
by  the  eastern  green  band  passing  across  the  southeaslern  part  of  Kings- 
man  Township  into  Pennsylvania.  This  of  course  agrees  with  the 
correlation  of  that  member  with  the  Shenango  sandstone,  since  this 
sandstone  outcrops  on  Mill  Creek,  in  the  southeastern  corner  of  Kinsman 
Township  and  also  to  the  east  in  Pennsylvania.  On  the  other  hand, 
Read  in  his  description  of  the  distribution  of  the  Berea  states  that 
"the  upper  part  of  the  Berea  passes  out  of  the  state  near  the  north-east 
corner  of  Kinsman,  the  lower  member  passing  along  the  higher  ground, 
east  of  the  Pymatuning,  follows  the  course  marked  by  the  northern 
[western]  green  line  on  the  map,  leaving  the  state  somewhere  near  the 
northern  part  of  Williamsfield,  but  is  there  covered  with  drift."2  The 
writer  has  thought  that  perhaps  the  words  "north-east"  are  a  typo- 
graphical error  for  southeast  corner  of  Kinsman,  in  which  case  Read's 
description  of  the  Berea  will  agree  with  hip  map.  Dr.  White  did  not 
state  with  which  member  of  Read's  Berea  sandstone  he  correlated  this 
Sharpsville  upper  sandstone  of  West  Shenango  Township.  There  seems 
to  be  no  question  but  that  the  outcrops  south  of  West  Williamsfield, 
which  Read  referred  to  his  lower  member  of  the  Berea,  are  genuine 
Berea;  but  his  representation  of  the  distribution  of  his  lower  member 
of  the  Berea  on  the  map  agrees  better  with  that  of  the  Sharpsville 
sandstone,  since  it  is  represented  as  making  a  curve  across  the  north- 
ern part  of  Williamsfield  Township  and  entering  Pennsylvania.  Later 
it  will  be  shown  that  the  Berea  sandstone,  the  one  seen  in  the  outcrops 
south  of  West  Williamsfield,  follows  the  ridge  northerly  to  West  Andover 
in  Andover  Township  which  adjoins  Williamsfield  Township  on  the 
north,  and  enters  Pennsylvania  at  Pennline  Village,  on  the  State 
line  between  Conneaut  Township,  Pennsylvania,  and  Richmond  Town- 
ship (the  next  one  north  of  Andover)  in  Ohio.  It  appears  certain 
that  Read  in  different  localities  referred  both  the  Berea  and  Sharpsville 

iGeol.  Surv.  Ohio,  Vol.  I,  p.  505. 
2Ibid.,  p.  508. 
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sandstones  to  what  he  called  the  lower  member  of  the  Berea,  and  if 
he  intended  to  say  that  the  upper  member  "passes  out  of  the  state 
near  the  north-east  corner  of  Kinsman"  then  it  is  also  apparent  that  in 
different  localities  he  referred  both  the  Sharpsville  and  Shenango  sand- 
stones to  this  upper  member  of  the  Berea. 

Professor  Gushing  in  discussing  the  distribution  of  the  Berea 
stated  that  "in  tracing  its  outcrop  to  the  east,  Mr.  Read,  when  near 
the  state  line,  came  upon  three  sandstones  near  this  horizon  all  resem- 
bling some  lithological  phases  of  the  Berea.  He  concludes  that  the  Berea 
here  has  split  into  two  parts,  or  possibly  even  into  three."1 

South  Shenango  Township,  Pa. — To  the  east  and  north  of  West 
Shenango  Township  is  South  Shenango  Township,  on  the  southern 
border  of  which  in  the  valley  of  the  Shenango  River  lies  the  city  of 
Jamestown.  This  portion  of  the  river  valley  is  bordered  by  fairly 
steep  hills  and  the  streams  descending  from  the  higher  ground  afford 
many  outcrops  of  the  Mississippian  rocks.  The  region  has  been  carefully 
described  by  Dr.  White,  and  it  was  visited  for  the  purpose  of  becoming 
familiar  with  the  distinguishing  characters  of  some  of  the  terranes 
which  he  has  named  and  described  in  western  Pennsylvania. 

The  first  section  in  this  township  described  by  Dr.  White  is  one 
beginning  on  the  land  of  Mr.  James  Snodgrass  to  the  northeast  of  James- 
town and  following  down  a  ravine  past  the  stone  quarries,  which  he 
called  the  "Snodgrass'  Section."2  This  section  was  somewhat  carefully 
examined  and  some  description  of  it  for  comparison  with  the  Ohio 
sections  is  deemed  of  importance. 

Snodgrass  Section. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

9.  Sharon  sandstone.  Coarse,  micaceous,  quartz  sandstone 
gray  color  in  general,  but  some  of  it  bluish,  without 
any  clay  ironstone  pebbles.  In  general,  the  layers  are 
fairly  massive,  although  there  is  a  tendency  for  some 
of  it  to  split  into  flaggy  ones,  especially  in  the  lower 
portion.  It  is  apparently  an  old  quarry,  although  it  had 
been  worked  to  some  extent  during  the  summer  of 
1904.  From  the  lowest  appearance  of  the  sandstone 
in  the  run  to  the  top  of  the  quarry  is  17  feet  as  leveled.  17  284 

8.  Shenango  shale.  Bluish  shales  and  thin  sandstones;  but 
partly  covered  interval.  Two  readings  of  the  barom- 
eter gave  40  feet  interval  in  each  case 40  267 

7.  Shenango  sandstone.  Composed  largely  of  quartz  grains, 
cemented  by  iron,  and  also  contains  numerous  pebbles 
of  clay  ironstone  of  various  sizes.  Some  of  them  are 
rather  small  and  others  were  seen  several  inches  in  di- 
ameter. The  stone  is  apparently  somewhat  brownish- 


'Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXVI,  p.  215. 
'Second  Geol.  Surv.  Pa.,  Q4,  pp.  150,  151. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

gray  where  not  discolored  by  weathering;  but  from  the 
latter  cause  it  is  usually  buff  to  brownish  in  color. 
Some  Brachiopod  shells  were  seen,  but  as  a  rule  they 
are  poorly  preserved.  This  sandstone  can  be  distin- 
guished from  the  Berea  by  its  rougher  feel,  clay  iron- 
stone pebbles  and  more  abundant  Brachiopod  shells. 
From  the  top  of  the  shale,  at  the  base  of  the  fall,  to  the 
top  of  the  sandstone  in  the  old  quarry,  is  13  feet.  The 
thickness  of  the  Shenango  sandstone  is  given  as  15  feet 
in  Dr.  White's  section. i  This  outcrop  is  on  the  Gamble 
farm,  in  a  fall  just  below  the  Jamestowii-Adamsviile 
road  bridge,  one  mile  northeast  of  Jamestown 13  227 

6.  Meadville  upper  shale.  About  1|  feet  of  blue  shale  shown 
at  the  base  of  the  fall,  under  the  Shenango  sandstone. 
Lower,  are  bluish  shales,  and  thin,  flaggy  sandstones, 
on  some  of  which  are  ripple-marks.  The  interval  is 
partly  covered 27  214 

5.  Meadville  upper  limestone.  A  blue,  compact  stratum 
which  is  apparently  somewhat  calcareous;  but  on  the 
weathered  outcrop  looks  more  like  a  sandstone.  How- 
ever, blocks  blue  in  color,  strongly  calcareous,  and 
containing  fish  fragments,  were  found 1st  187 

4.  Meadville  lower  shale.  Blue  shales  and  thin  sandstones. 
Sharpsville  upper  sandstone.  Fine  -  grained,  rather 
buff-colored  sandstones.  Partly  concealed  interval, 
and  line  of  separation  not  clearly  shown.  The 
thickness  of  this  interval  is  the  same  as  that  given  by 
Dr.  White,  who  called  it  all  "Sharpsville  Upper  Sand- 
stone" in  his  section 95  186 

3.  Meadville  lower  limestone.  Blue,  hard,  compact,  sili- 
cious  limestone,  which,  on  weathering,  forms  a  brown- 
ish layer  on  the  outside,  due  to  iron,  as  stated  by  Mr. 
J.  T.  Hodge,  who  first  described  it.2  It  forms  the 
floor  of  the  run  for  a  short  distance,  and  breaks  into 
blocks  showing  a  glassy  fracture.  On  weathering,  the 
edges  are  somewhat  rounded,  and  the  blocks  are 
rather  conspicuous  in  the  streams,  especially  as  washed 
down  them.  The  outcrop  in  this  stream  does  not  differ 
much  from  the  one  in  the  Boyer  Glen,  one  mile  south  of 
Hayfield,  Crawford  County,  Pa.,  which  is  described 
farther  on  in  this  bulletin  (pp.  399-401) IJ*  91  + 

2.  Sharpsville  lower  sandstone.  Fine-grained  and  buff- 
colored  sandstone,  only  5  feet  of  which  is  shown  in  the 
run 5  90 

1.     Concealed  to  Pittsburgh  and  Erie    Railroad   station  at 

Jamestown 85        85 

A  run  on  the  Mathew  McElhaney  farm  1 J  miles  north  of  Jamestown, 


'Ibid.,  p.  150. 

2Pa.  State  Geol.,  3d  Ann.  Kept.,  1837,  pp.  111,112.     Also  see  Geol.  of  Pa.,  Vol.  I, 
1858.  p.  584;  and  Second  Geol.  Surv.  Pa.   Q4,  1881,  pp.  87,  88. 
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descending  from  the  highland  to  the  Shenango,  cuts  down  to  the  Shenango 
sandstone  and  also  exposes  some  of  the  subjacent  rocks.  This  locality 
was  also  described  by  Dr.  White  under  the  heading  of  the  "McElhany 
Section."1 

McElhany  Section. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.    Feet. 

3.  Shenango  sandstone.  Brownish-gray  or  brownish  sand- 
stone, composed  of  coarse,  quartz  grains,  with  numerous 
iron  ball  concretions.  Has  been  quarried  to  some  ex- 
tent. Dr.  White  gave  thickness  as  20  feet 20  40| 

2.  Meadville  upper  shales.  Blue  shales,  with  a  thickness  of 
20  feet  according  to  Dr.  White.  A  single  reading  of 
the  barometer  gave  30  feet  for  these  two  intervals. 
In  basal  shales  a  few  fossils  were  found,  as  Cama- 
rotcechia  and  a  Pelecypod  20  20| 

1.  Meadville  upper  limestone.  Bluish,  impure  limestone, 
containing  flattened  pebbles  of  shale  and  fragments  of 
fish i  i 

West  Fallowfield  Township,  Pa. — This  township  lies  directly  east 
of  South  Shenango  Township,  and  the  plateau  capped  by  the  Sharon 
conglomerate  in  the  latter  one  extends  across  the  line  into  the  southwest- 
ern corner  of  West  Fallowfield  Township.  Crooked  Creek  flowing  south 
forms  the  greater  part  of  the  eastern  boundary  of  West  Fallowfield 
Township  and  receives  a  number  of  tributaries  from  the  higher  ground 
to  the  west.  One  of  these  flows  through  the  small  village  of  Adams- 
ville  and  affords  a  section  of  the  Mississippian  rocks  that  has  been 
described  by  Dr.  White  under  the  name  of  the  "Adamsville  Section,"2 
and  which,  like  the  section  near  Jamestown,  was  studied  for  the  purpose 
of  becoming  well  acquainted  with  the  terranes  described  by  him  in 
northwestern  Pennsylvania. 

Adamsville  Section. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.    Feet. 

8.  Shenango  sandstone.  The  more  massive  sandstone Jis  ;j 
brownish-gray,  and  composed  to  a  large  extent  of 
quartz  sand.  Some  of  the  more  flaggy  stone  is  of  blue 
color,  and  finer  grained.  The  ironstone  concretions 
are  very  numerous  in  some  parts  of  the  outcrop.  A 
few  fossils  were  found  as  Camarotcechia,  Productus  (?), 
Orbiculoidea,  etc.  This  outcrop  makes  the  fall  in  the 
stream  to  the  west  of  Adamsville 8  =*=  130| 

7.    Meadville  upper  shales.    They  are  composed  in  the  upper 


'Second  Geol.  Surv.  Pa.,  Q4,  p.  154. 
2Ibid.,[p.  149. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.    Feet. 

part  of  bluish,  arenaceous  shales,  which  alternate  with 
bluish-gray,  micaceous  sandstones,  the  layers  varying 
from  a  fraction  of  an  inch  to  perhaps  two  inches  in 
thickness,  and  some  of  them  are  ripple-marked.  Some 
of  the  layers  contain  iron  and  are  also  slightly  calca- 
reous, perhaps  of  concretionary  character.  These  shales 
are  well  shown  below  the  Shenango  sandstone  in  the 
fall 22  122* 

6.  Meadville  upper  limestone.  Bluish-gray  in  color,  contain- 
ing flattened  shale  pebbles  and  fragments  of  fish ^_  TZ  100^  + 

5.  Meadville  lower  shales.  Bluish  shales  and  thin,  flaggy 

sandstones,  which  are  occasionally  ripple-marked 34  100 

4.  Sharpsville  upper  sandstone.  The  sandstones  are  fairly 
thin-bedded,  buff  in  color,  fine-grained  and  rather  mi- 
caceous. There  is  an  occasional  iron  nodule.  The 
fineness  of  grain  separates  this  sandstone  from  the 
Shenango  and  Berea,  and  the  comparative  absence  of 
iron  balls  and  fossils  separates  it  from  the  Shenango 
sandstone 40  66 

3.  Meadville  lower  limestone.  "A  very  hard  calcareo-sili- 
ceous  rock,  jutting  out  of  the  bank  of  the  stream,  and 
scattered  in  large  masses,  with  rounded  angles  along 
its  bed,"  as  described  by  Dr.  White* 1=*=  26 

2.  Sharpsville  lower  sandstone.  Flaggy  sandstones,  with 
some  shales  and  calcareous,  concretionary  layers,  a 
very  conspicuous  one  at  the  base 15  25 

1.  Orangeville  shales.  A  few  feet  of  drab,  argillaceous  shales, 

which  are  at  the  top  of  the  formation 10=*=  10 

Perhaps  the  thickness  given  for  the  above  section  is  less  than 
the  true  thickness,  since  on  Dr.  White's  section  the  interval  from 
the  base  of  the  Sharpsville  lower  sandstone  to  the  top  of  the 
Shenango  sandstone  is  130  feet,  while  on  the  writer's  it  is 
given  as  120  feet.  Again,  a  reading  of  the  barometer  at  the  base  of 
the  exposed  Orangeville  shales  and  the  top  of  the  Shenango  sandstone 
gave  a  difference  of  160  feet,  while  on  the  section  it  amounts  to  only 
130J  feet. 

Andover  Township* — This  township  lies  directly  north  of  Williams- 
field  Township  and  west  of  South  and  North  Shenango  townships, 
Crawford  County,  Pennsylvania.  The  steep  ridge  east  of  Pymatuning 
Creek  crosses  the  township  from  north  to  south  along  its  western 
border,  and  some  of  the  streams  descending  from  the  higher  ground 
to  the  Pymatuning  Valley  cut  through  the  surficial  deposits,  exposing 
the  underlying  Mississippian  formations. 

A  section  was  studied  which  is  located  near  a  school-house  in  the 
southwestern  corner  of  the  township  on  an  eastern  branch  of  a  larger 
run  crossed  by  the  State  road.  This  run  is  two  miles  south  of  West 
'Ibid.,  p.  150. 
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Andover  and  about  one-half  mile  north  of  the  township  line  on  the  farm 
of  Charles  C.  Gay,  while  the  section  is  down  the  run  from  the  watering 
trough. 

Section  on  the  Charles  C.  Gay  Farm. 

Total 

Thick-  thick- 
No,  ress.     ness. 

Feet.     Feet. 

2.  Berea  sandstone.  Layers  of  buff  sandstone,  showing  some 
ripple-marks,  which  are  both  thinner  bedded  and  finer 
grained  than  those  of  zone  No.  1,  but  composed  largely 
of  grains  of  quartz  sand.  Old  quarries  in  middle  of 
upper  part  of  this  zone.  Lower  portion  of  zone  partly 
covered 35  37 1 

1.  In  bed  of  run,  coarse,  quartzose  sandstone  which  contains 
some  quartz  pebbles  the  size  of  peas.  This  zone  has 
the  lithologic  characters  of  the  Cussewago  sandstone.  2|  2| 

Another  section  was  examined  in  a  run  just  north  of  the  house  of 
Henry  A.  Lewis.  The  section  is  as  follows : 

Section  on  the  Henry  A.  Lewis  Farm. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

1.  Berea  sandstone.  Ledge  of  thin-bedded,  buff  sandstone, 
near  watering  trough.  In  this  part  of  the  zone  are  old 
pits,  in  which  the  rock  was  formerly  quarried.  In  the 
lower  part  of  the  zone  are  arenaceous  shales  to  thin- 
bedded  sandstones;  but  it  is  not  so  shaly  as  most  of  the 
corresponding  interval  in  Pennsylvania  to  the  east  of 
Conneautville.  Coarse-grained,  very  friable  sand- 
stone, with  the  lithologic  appearance  of  the  Cussewago 
sandstone 45  45 

In  the  bed  of  another  run  farther  north,  very  coarse-grained,  soft, 
buff  sandstone  was  found  which  contained  some  quartz  pebbles  the 
size  of  peas.  This  lower  zone  has  the  lithologic  characters  of  the  Cusse- 
wago sandstone.  In  a  small  branch  of  the  same  run  45  feet  higher 
are  thin-bedded  buff  sandstones. 

Another  outcrop  of  the  thin-bedded  portion  of  the  Berea  formation 
is  shown  in  a  run  a  few  rods  north  of  C.  A.  Kingsley's  house  on  the 
State  road,  one-half  mile  south  of  West  Andover.  About  8  feet  of  rather 
buff  thin-bedded  sandstone  is  shown  in  the  run  below  the  highway 
bridge.  It  is  composed  mainly  of  fairly  coarse  grains  of  quartz  sand, 
is  micaceous,  the  layers  about  an  inch  (  ± )  in  thickness  and  some  of  them 
have  beautiful  ripple-marks.  Above  the  highway  the  layers  of  buff 
sandstone  are  still  thinner  so  that  some  of  it  is  rather  shaly.  The  grains 
of  sand  are  coarse  and  some  of  the  layers  are  rippled-marked.  Alto- 
gether at  least  15  feet  of  these  thin-bedded  sandstones  are  shown  in  this 
run,  counting  both  those  below  and  above  the  highway. 
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On  the  road  from  West  Andover  up  the  hill  toward  Andover  are 
outcrops  of  sandstone  which  extend  nearly  if  not  quite  to  the  summit 
of  the  slope,  and  from  them  the  following  section  was  constructed: 

Section    along    Highway    East   from    West    Andover. 

Total 

Thick-  thick- 

No.  ness,     i-ess 

Feet.     Feet. 

4.  Berea  sandstone.  Small  pit  on  the  Martin  McNally  farm 
where  sandstone  was  quarried  by  Mr.  B.  F.  Perry  for 
the  foundation  of  his  house.  This  locality  is  about 
one-fourth  mile  north  of  the  West  Andover-Andover 
highway,  and  about  one-half  mile  northeast  of  West 
Andover.  The  sandstone  is  dotted  with  small  rusty 
spots  (something  like  those  of  the  Shenango  sandstone), 
and  there  are  also  large  rusty  spots.  This  pit  is  at 
about  the  same  elevation  as  the  summit  on  the  high- 
way. In  the  highway  gutter,  5  feet  lower  than  the  road 
summit,  is  a  bed  of  massive,  coarse-grained  sand- 
stone, which  is  very  friable.  This  rock  shows  large 
iron  spots  similar  to  those  noted  in  the  Perry  pit,  and 
occurs  above  and  east  of  the  F.  M.  Wilder  house  and 
furniture  shop 5=±=  160 

3.  Thin-bedded,  coarse-grained,  buff  sandstone  exposed  in 
gutter  and  by  road  side,  down  the  hill  into  West  An- 
dover. The  zone  is  partly  covered;  but  in  the  lower 
part  includes  some  coarse-grained,  massive  sandstone, 
which  is  very  soft,  the  apparent  base  of  which  was  taken 
for  the  base  of  this  zone.  This  lower  sandstone  has 
the  lithologic  appearance  of  the  Cussewago 45  155 

2.  At  the  base  of  this  zone  thin-bedded,  buff,  shattered  sand- 
stone by  roadside,  just  above  four  corners  in  West  An- 
dover  -. 10  110 

1.  Covered  interval  from  West  Andover  down  to  the  bridge 

over  Pymatuning  Creek 100  100 

The  above  section  indicates  some  60  feet,  barometric  measurement, 
for  the  Berea  formation  on  this  hill  slope,  without  showing  either  the 
top  or  bottom  of  the  formation.  The  data  for  this  section  were  secured 
in  1904  and  in  1910  it  was  seen  that  the  gutters,  in  general,  were  filled 
with  dirt  so  that  the  older  rocks  were  scarcely  exposed,  if  at  all. 

From  loose  pieces  of  sandstone  beside  the  road  in  West  Andover 
which  probably  came  from  the  Berea,  although  it  is  possible  that  they 
might  be  from  the  Cuyahoga,  were  collected  a  few  specimens  of  poorly 
preserved  fossils.  A  single  impression  of  Camarotoechia  sp.  was  found 
which  has  from  16  to  18  plications  and  is  apparently  similar  to  C.  sageri- 
ana  Winch.  Another  specimen  is  a  fragment  of  apparently  a  Spirifer 
with  a  plicated  sinus,  and  in  addition  there  are  imperfect  impressions 
of  two  or  more  Pelecypods. 

About  three-fourths  of  a  mile  north  of  West  Andover  is  a  high  hill 

26— G.  B.  15. 
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known  as  'Little  Mountain,  but  given  on  the  topographic  sheet  as  Owens 
Hill.  The  barometer  gave  its  summit  as  130  feet  higher  than  the  basal 
outcrop  of  sandstone  in  West  Andover,  or  135  feet  higher  than  the 
four  corners  in  that  village.  This  elevation  can  not  be  far  from  correct, 
since  the  topographic  sheet  gives  a  difference  of  at  least  130  feet  for  the 
same  interval.  There  are  numerous  boulders  of  crystalline  rocks  on 
the  slope  of  the  hill;  but  no  outcrops,  although  many  small  blocks  of 
fine-grained,  buff,  somewhat  micaceous  sandstone  occur. 

These  blocks  of  sandstone  are  also  thrown  out  of  the  numerous 
woodchuck  holes  on  the  hillside  and  have  the  lithologic  appearance 
of  the  Sharpsville.  The  summit  of  this  hill  is  some  70  feet  higher  than 
the  highest  outcrops  of  the  Berea  sandstone  noted  on  the  highway 
east  of  West  Andover,  and  it  appeared  to  the  writer,  when  in  the  field, 
not  improbable  that  the  Sharpsville  sandstone  formerly  extended  to 
this  hill  and  had  protected  the  softer  underlying  shales  from  erosion. 
If  this  be  true  then  it  represents  the  extreme  northern  outlier  of  the 
Sharpsville  in  Andover  Township.  Later  the  writer  found  a  reference 
apparently  to  this  hill  by  Mr.  Frank  Leverett  who  called  it  one 
of  the  knolls  of  the  Cleveland  moraine.1  The  highway  cut  on  the  east 
and  west  road  to  the  north  of  the  hill  shows  only  drift,  which  perhaps 
corroborates  the  latter  interpretation  of  its  origin. 

Buff,  very  coarse-grained  sandstone  occurs  by  the  roadside  one  mile 
north  of  West  Andover  and  also  in  a  small  stream,  both  of  which  outcrops 
are  just  north  of  the  first  road  turning  west.  About  3J  feet  of  rock  is 
shown  in  the  small  quarry  pit,  and  some  of  it  contains  a  considerable 
quantity  of  white  quartz  pebbles,  part  of  which  are  nearly  flat.  This 
rock  is  lithologically  much  like  the  Cussewago  sandstone,  except  that 
some  of  it  is  very  hard  from  the  large  amount  of  iron  contained  in  it, 
serving  as  a  cementing  material.  In  1910  scarcely  any  rock  was  shown 
in  the  quarry;  but  on  the  highway  between  the  two  runs  coarse- 
grained quartz  sand  rock  of  brownish  color  was  exposed.  In  the  road, 
evidently  weathered  from  the  sandstone,  were  loose  pebbles  of  white 
quartz.  About  these  small  hills  are  runs  and  marshy  places  fed  by 
springs  coming  out  of  the  sandstone. 

At  Leon,  3J  miles  north  of  West  Andover,  in  the  southwestern 
corner  of  Richmond  Township,  which  is  the  one  directly  north  of  Andover, 
blue  flags  are  reported  at  a  depth  of  35  feet  beneath  the  surface. 

From  loose  blocks  in  a  draw  about  one  mile  northwest  of  Leon  the 
following  species  were  collected: 

1.  Spirifer  disjunctus  Sowb. 

2.  Strophalosia  muricata  (Hall)  Beecher 

3.  Camarotcechia  coritracta  Hall 

4.  Productella  sp. 


'Mon.  U.  S.  Geol.  Surv.,  Vol.  XLI,  1902,  p.  630. 
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In  the  road  gutter,  just  north  of  the  house  of  B.  F.  Ayers  and 
about  two  miles  north  of  Andover,  is  a  very  coarse-grained  greenish- 
buff,  friable  sancfstone.  The  lower  part  contains  a  considerable  number 
of  white  quartz  pebbles  and  12  feet  or  a  little  more  of  the  sandstone 
is  shown.  This  outcrop  is  really  on  the  bank  of  the  neighboring 
stream,  and  both  above  and  below  the  road  are  pits  where  sand  has  been 
dug.  It  reminds  one  somewhat  of  Dr.  White's  description  of  an  out- 
crop of  the  Cussewago  sandstone  near  Summit  Station  on  the  Pittsburgh 
and  Erie  Railroad  in  Conneaut  Township,  Crawford  County,  Pennsyl- 
vania, between  9  and  10  miles  northeast  of  the  locality  just  described, 
where  he  stated  "it  can  be  shoveled  like  beach  sand,  and  I  should  have 
mistaken  it  for  Drift,  but  for  shales  and  sandstone  layers  overlying 
it  in  place."1 

The  eastern  and  northern  portions  of  Andover  Township  show 
very  few  outcrops  of  Paleozoic  rocks  and  the  extreme  eastern  part  of 
the  township  is  bordered  by  the  Pymatuning  swamp,  which  extends  for 
miles  along  the  Shenango  River.  A  well  on  the  C.  W.  Butler  farm 
east  of  Andover  is  reported  to  have  struck  solid  rock  at  a  depth  of  10 
feet.  The  greater  part  of  the  10  feet  is  blue  clay  with  gravel  at  the 
bottom.  Another  one  across  the  road  at  this  locality  is  reported  as  67 
feet  deep.  Rock  which  is  called  hard  was  struck  in  a  well  on  the 
Henry  S.  Butler  farm  at  a  depth  of  11  feet. 

Andover  Wells* — An  oil  well  was  drilled  to  the  depth  of  2,662  feet 
on  the  farm  of  G.  W.  Swezey  about  one-half  mile  slightly  west  of  north 
of  the  Andover  square.  The  drilling  was  finished  in  March,  1904.  The 
mouth  of  the  well  is  located  near  a  small  run  and  according  to  the  ba- 
rometer is  15  feet  lower  than  the  Andover  railroad  station,  which  is  at 
about  the  same  elevation  as  the  Andover  geodetic  station;  the  latter  is 
1,091  feet  above  sea  level.  The  banks  of  the  run  neap  the  well  are  very 
sandy,  but  no  solid  rock  was  found  in  place.  There  are  small  pits  where 
sand  has  been  taken  out.  Mr.  Morey  thinks  no  sandstone  was  struck 
in  the  upper  part  of  the  well,  because  he  drilled  a  railroad  well  for  water 
to  the  depth  of  108  feet  which  is  located  only  a  short  distance  away 
across  the  railroad  tracks  and  no  sandstone  was  struck. 

This  account  is  probably  not  correct,  since  Mr.  Hill,  who  has  charge 
of  the  railroad  wells  at  Andover,  said  that  they  pass  through  40  feet 
of  clay  (no  shale) ,  when  the  top  of  a  sandstone  is  reached  that  is  almost 
white  in  color,  which  was  penetrated  to  a  depth  of  35  feet.  All  the  wells 
in  the  town  near  this  depth  he  said  reach  this  sandstone  and  none  of  them 
has  gone  through  it.  There  is  a  good  volume  of  water  obtained, 
which  supplies  the  railroad  wells  and  many  in  the  town.  Water  is 
obtained  very  soon  after  entering  the  sandstone,  but  the  volume  in- 
creases on  going  somewhat  deeper.  The  water  is  very  pure  accord- 
ing'to  the  analysis  for  the  railroad. 
'Second  Geol.  Surv.  Pa.,  Q4,  p.  95,  f.  n. 
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A  partial  set  of  samples  of  the  drillings  from  the  oil  well  were  kept 
by  Messrs.  M.  F.  Covell  and  Fred  M.  Smiley,  which  they  kindly  allowed 
the  writer  to  examine,  and  the  following  record  is  compiled  from  these 
two  sets  of  samples : 

Record  ofAndover  Well. 

Depth. 
Feet.  Description  of  Sample. 

530   (?)     Sample  of  black  shale,  with  brownish  streak,  thought  by  Mr. 

Covell  to  be  from  the  gas  horizon,  which  Mr.  Smiley  gave  as 

530  feet  down;  but  the  depth  is  questioned. 

Chips  of  bluish  shale  giving  a  white  streak  are  found  with  the 

lower  samples. 

Mr.  Smiley  reported  that  limestone  was  struck  at   a  depth 

of  2418  feet;  but  no  samples  examined  were  marked   as  from 

this  depth. 
2500  Onondaga  limestone.     Light  gray  limestone,  effervesces  strongly 

in  cold,  dilute  HC1.     Some  chips  of  blue  shale  from  above. 
2560  Light  gray,  very  calcareous  limestone,  strong  effervescence  in 

cold  HC1.     Some  chips  of  blue  shale  from  above. 
2575  Very  light  gray  sample,  fine  chips  with  strong  effervescence  in 

cold  HC1. 

2580  About  the  same  as  above. 

2600  Light  gray,  almost  white,  very  fine  chips,  strong  effervescence 

in  cold  HC1. 
2605  Darker  gray  limestone,   strong  effervescence  in  cold  HC1.     A 

number  of  large  chips  of  blue  shale  mixed  with  the  others. 
2609  Rather  dark  gray  limestone,  fine  chips  and  strong  effervescence. 

2611  Similar  limestone  to  above,  only  not  quite  so  dark  colored. 

2613  Light  gray  limestone,  very  strong  effervescence. 

2614  Somewhat  darker  colored  limestone,  but  strong  effervescence. 

2615  About  the  same  as  above,  only  a  little  lighter  colored.     It  con- 

tains some  large  chips  of  blue  shale. 

2620  Light  gray  to  drab  limestone,  which  has  somewhat  weaker  effer- 

vescence in  cold  HC1. 

2625  About  the  same  color  as  above,  but  with  stronger  effervescence. 

A  good  many  chips  of  blue  shale. 

2630  About  the  same  color,  fair  effervescence  in  cold  HC1;  but  stronger 

on  heating,  which  shows  MgCOa  and  CaCOs. 

2640  Very  light  gray  color,  fine  chips  with  fairly  strong  effervescence 

in  cold  HC1;  but  leaving  a  considerable  residue. 

2652  Sample  as  a  whole  is  somewhat  greenish-gray  in  color;  but  under 

a  microscope  a  large  proportion  is  composed  of  white  quartz 
grains.     Very  slight  effervescence  in  either  cold  or  warm 
HC1.     At  this  depth  Mr.  Smiley  reported  the  oil  sand,  and 
he  thinks  some  5  barrels  of  oil  were  baled  out  of  the  well. 
Sylvania  sandstone? 

Mr.  Smiley  had  a  sample  composed  of  white  quartz  sand, 
labeled  as  from  a  depth  of  2640,  another  composed  of  finer 
quartz  sand  than  the  above,  and  slightly  brownish  from  rust, 
marked  as  from  2640,  and  also  a  third  marked  as  from  2656, 
which  was  composed  of  quartz  grains,  slightly  brownish 
from  rust. 

2660  Almost  white  sample,  composed  of  fine  grains  of  quartz  sand. 
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Depth. 
Feet.  Description  of  Sample. 

Apparently  from  a  very  pure  quartz  sandstone.     Scarcely 
any  effervescence  in  either  cold  or  warm  HC1. 

2662  Brownish-gray  sample  in  the  mass;  but  a  microscope  shows  it 

to  be  composed  of  small  chips  of  light  gray  to  drab  lime- 
stone.    Moderate  effervescence  in  cold  HC1,   which  is  in- 
creased on  heating. 
Bottom  of  well. 

The  collection  in  Mr.  Covell's  possession  shows  a  white  sandstone 
10  feet  thick  almost  at  the  bottom  of  this  well,  which  perhaps  represents 
the  Sylvania  sandstone  of  northwestern  Ohio.  The  samples  in  Mr. 
Smiley's  possession  as  marked  would  indicate  that  this  sandstone  was 
reached  at  a  depth  of  2,640  feet  and  continued  nearly  to  the  bottom 
of  the  well,  or  2,662  feet.  A  sample  of  the  oil  from  this  well  and  supposed 
to  be  from  the  sandstone  at  a  depth  of  2,656  feet  is  rather  light  in  gravity, 
of  greenish  color  in  dim  light;  but  amber  colored  by  transmitted  light. 

At  the  Arlington  Hotel  in  Andover,  a  well  was  drilled  to  the  depth 
of  86  feet,  according  to  Mr.  Hahn,  who  furnished  the  following  information 
concerning  it.  The  upper  portion  of  the  well  is  in  quicksand,  a£  the 
bottom  of  which  is  a  blackish  shale  which  the  drillers  called  the  Erie 
shale.  At  the  depth  of  about  46  feet  a  sandstone  was  struck,  the  upper 
part  of  which  is  of  rusty  color;  but  the  lower  part  is  a  very  white  sand. 
The  well  was  drilled  into  this  sandstone  for  about  40  feet  without  reach- 
ing its  bottom.  The  mouth  of  this  well  is  at  about  the  same  level  as 
the  railroad  in  Andover. 

Richmond  Township,  Ohio,  and  Conneaut  Township,  Pa* — Rich- 
mond Township  lies  directly  north  of  Andover  Township,  but  out- 
crops of  the  Paleozoic  rocks  are  not  frequent.  To  the  east  are  North 
Shenango  and  Conneaut  townships,  in  Crawford  County,  Pennsyl- 
vania, and  some  time  was  given  to  an  examination  of  the  outcrops 
in  Conneaut  Township  for  the  purpose  of  tracing  the  outcrop  of  the  Berea 
formation  from  Ohio  across  the  State  line  into  Pennsylvania.  In  the 
northwestern  part  of  the  township  on  a  run  entering  the  West  Branch 
Ashtabula  River,  rocks  are  shown  just  below  the  highway  bridge  on 
the  Thomas  Flack  farm.  This  locality  is  on  the  first  road  turning  east 
toward  Richmond  Center  from  the  one  leading  south  from  Steamburg 
Church,  and  nearly  1J  miles  southeast  of  this  church.  In  the  summer 
of  1910  blue  shales  and  bluish-gray  sandstones  had  been  dug  out  of  the 
stream  just  below  the  highway  bridge.  The  thin-bedded  sandstones 
contain  fossils,  of  which  the  most  abundant  species  is  Spirifer  disjunctus 
Sowb.  Some  specimens  of  Euomphalus  hecale  Hall  were  also  collected. 
The  complete  list  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Camarotcechia  contracta  Hall (r) 

3.  Camarotcechia  orbicularis  Hall   ___. (rr) 
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4.  Strophalosia  muricata  (Hall)  Beecher  (c) 

5.  Productella  lachrymosa  (Con.)  Hall  (?)    (rr) 

6.  Productella  lachrymosa  (Con.)  Hall  var.  lima  Con (rr) 

7.  Liorhynchus  sp.   (rr) 

Internal  impression  of  a  large  specimen. 

8.  Pterinopecten  neptunis  Hall  (?)   (rr) 

9.  Euomphalus  (Straparollus)  hecale  Hall (r) 

Three-fourths  of  a  mile  farther  east  the  road  crosses  the  West  Branch 
Ash  tabula  River;  but  it  is  only  a  ditch  in  soil  and  drift,  with  a  flat 
country,  and  no  outcrops  of  the  older  rocks. 

A  small  outcrop  of  thin  micaceous,  blue  sandstone  and  blue  shale 
was  found  in  a  small  run  in  the  northeastern  part  of  Richmond  Town- 
ship. This  locality  is  near  a  small  cemetery,  and  about  one  mile  south 
of  the  east  and  west  road  leading  east  from  North  Richmond  to  Penn- 
line,  in  the  western  part  of  Conneaut  Township,  Pennsylvania.  This 
outcrop  is  in  the  Chagrin  formation.  A  farmer  stated  that  years 
ago  by  his  house,  which  is  just  above  this  locality  on  the  farm  of  L.  A. 
Smith,  he  found  coal.  If  any  black  rock  was  found  it  probably  was  from 
the  eastern  continuation  of  the  Cleveland  shale.  Only  pieces  of  bluish 
Chagrin  shale,  however,  were  seen  in  the  material  thrown  out  of  the 
pit  which  he  dug.  Some  of  the  arenaceous  shales  contain  fossils. 

The  same  north  and  south  road  crosses  a  run  which  is  a  tributary  of 
the  East  Branch  Ashtabula  River  from  the  west,  about  one-half  mile 
south  of  the  east  and  west  road.  In  the  run  below  the  bridge,  in  1910, 
blue,  thin-bedded  sandstones  containing  fossils  had  been  washed  out 
of  the  bed  of  the  run. 

Spirifer  disjunctus  Sowb.  is  the  most  abundant  species;  but  there 
are  also  others,  particularly  Strophalosia  muricata  Hall  and  Cama- 
rotcechia  contracta  Hall.  The  fossilliferous  blue  sandstone  is  rather 
fine-grained,  micaceous  and  splits  into  thin  even  layers.  There  are  also 
bluish  shales  and  bluish-gray  harder  sandstones.  The  outcrop  is  un- 
doubtedly well  toward  the  top  of  the  Chagrin  formation,  since  it  is 
only  about  If  miles  southwest  of  the  Berea  sandstone  as  exposed  at 
Pennline,  Pennsylvania. 

The  complete  list  of  fossils   collected  at  this  locality  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Camarotccchia  contracta  Hall (rr) 

3.  Strophalosia  muricata  (Hall)  Beecher (c) 

4.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms (r) 

5.  Pararca  sao  Hall  (?) (rr) 

Broken  along  hinge  line  but  markings  are  like  those  of  this 
species. 

In  1904  the  Berea  sandstone  was  shown  in  the  highway  gutter  in 
Pennline,  about  two  rods  below  and  west  of  the  four  corners  where  the 
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Bates  and  Manning  store  is  located.  At  that  time  a  little  more  than 
5  feet  was  shown  by  the  roadside,  the  lower  3  feet  or  more  of  which  is 
very  soft,  greenish-buff  in  color,  and  composed  of  moderately  coarse 
quartz  grains  with  some  flat  quartz  pebbles.  The  upper  part  is  in  thinner 
layers  and  harder ;  but  is  a  quartz  sandstone  with  the  lithologic  characters 
of  the  Berea.  The  lower  portion  is  soft  and  massive  with  the  lithologic 
appearance  of  the  Cussewago  sandstone.  In  1910,  however,  the  gutter 
was  so  filled  up  and  grassed  over  to  such  an  extent  that  the  sandstone 
scarcely  showed  and  only  loose  pieces  of  the  Berea  were  found. 

On  the  north  and  south  road  through  Pennline,  however,  and  less 
than  one-fourth  mile  south  of  the  four  corners,  rocks  were  shown  in 
1910  by  the  east  side  of  the  highway.  The  upper  outcrops  were  not 
far  below  the  cemetery,  near  the  brow  of  the  hill,  and  not  far  above 
the  house  of  Mr.  E.  B.  Slack;  but  it  is  probable  that  later  they  will  be 
more  or  less  covered  as  the  gutter  fills  up,  particularly  so  far  as  the 
upper  outcrops  of  coarse-grained  sandstone  are  concerned. 

Section  South  of  Pennline,  Pa. 

Total 

Thick-  thick- 
No-  ness.     ness. 

Feet.     Feet. 

3.  Berea  sandstone.  Outcrop  of  apparently  very  soft,  much 
disintegrated  Berea  sandstone  in  road  gutter  near 
brow  of  hill.  Rock  composed  of  grains  of  quartz  sand, 
much  discolored,  and  cementing  material  all  leached 
out.  The  sandstone  also  contains  small  white  quartz 
pebbles.  Between  3  and  4  feet  is  shown,  some  of  which 
may  have  crept  down  the  hill  to  some  extent.  Lith- 
ologic appearance  and  stratigraphic  position  of  the 

Cussewago  sandstone 4±     16 

2.     Covered  interval,  opposite  the  house  of  E.  B.  Slack 8±     12 

1.  Blue,  thin-bedded  sandstones  alternating  with  shales. 
These  sandstones  are  fossiliferous,  containing  not  in- 
frequent specimens  of  Spirifer  disjunctus  Sowb.,  and 
a  few  other  species.  The  Spirifer  is,  however,  the  most 
abundant.  In  1910  some  4  feet  of  these  sandstones 
and  shales  were  exposed  between  the  house  and  the 
watering  trough 4±  4 

The  complete  list  of  species  obtained  in  the  sandstones  of  No.  1 
of  the  above  section  is  as  follows : 

1.  Spirifer  disjunctus  Sowb. . (c) 

2.  Camarotoechia  orbicularis  Hall   _" (r) 

3.  Strophalosia  muricata  (Hall)  Beecher (rr) 

4.  Productella  lachrymosa  Con.  var.  lima  Con.  (?) (rr) 

5.  Chonetes  setiger  Hall (r) 

6.  Schuchertella  chemungensis  (Con. )  Girty (rr) 

7.  Palaeoneilo  sp. (r) 

8.  Schizodus  rhombeus  Hall  (?) (rr) 
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It  was  reported  to  the  writer  that  the  wells  on  the  ridge  at  the  four 
corners  in  Pennline  went  through  15  feet  of  sandstone,  which  was  harder  as 
they  drilled  deeper  in  it,  below  which  the  slate  was  reached.  It  was  also 
stated  that  on  the  hill  to  the  west  of  the  ridge  as  well  as  the  one  to  the  east 
no  sandstone  occurs.  A  large  number  of  springs  occur  at  the  heads  of 
the  runs  that  rise  about  this  ridge,  which  were  running  freely  after  the 
long  drought  of  the  summer  of  1910,  showing  that  there  is  a  considerable 
supply  of  water  feeding  them. 

This  section  is  important  and  interesting  since  it  shows  that  rocks  like 
the  Chagrin  formation  with  its  Chemung  fauna  oiSpirifer  disjunctus  Sowb. 
extend  nearly,  if  not  quite,  up  to  the  Berea  grit  (Cussewago  sandstone) . 
This  seems  to  show  that  the  Bedford  formation  and  Cleveland  shale 
do  not  extend  as  far  east  as  the  Ohio-Pennsylvania  State  line.  It 
seems  to  have  been  shown  by  the  sections  on  Crooked  Creek  in  the  south- 
ern part  of  Trumbull  Township,  in  Warner  Hollow  below  Windsor  Mills 
and  on  Mill  Creek  in  the  southern  part  of  Windsor  Township,  that  the 
Cleveland  shale  as  followed  eastward  becomes  thinner  and  probably 
eventually  thins  out  and  disappears.  Perhaps  the  absence  of  the 
Bedford  formation  on  the  State  line  may  be  accounted  for  in  a  similar 
way.  Again  perhaps  the  finer  grained  sandstones  and  shales  of  the  typ- 
ical Bedford  formation  are  gradually  replaced,  when  followed  eastward, 
by  the  coarser  deposits  which  in  Pennsylvania  are  known  as  the  Cusse- 
wago sandstones  and  shales,  although  this  does  not  appear  to  the  writer 
as  the  explanation.  Or  they  may  have  been  deposited  and  then  removed 
by  erosion,  leaving  a  disconformity  between  the  Berea  and  Chagrin 
formations.  In  this  bulletin  numerous  examples  of  disconformity 
between  the  Berea  and  Bedford  in  Ohio  have  been  described;  but  in 
these  examples  only  the  upper  part  of  the  Bedford  formation  had  been 
removed  by  erosion  and  not  the  entire  formation.  Another  possible 
explanation  of  the  disappearance  of  these  two  formations  is  that  of 
overlap. 

The  banks  of  Peyton  Run  or  North  Shenango  Creek,  about  one 
mile  north  of  the  east  and  west  road  from  Pennline  to  Summit  Station, 
are  very  sandy,  and  on  the  shallow  side  is  a  bed  of  sand  which  is  used 
locally  for  plastering.  It  is  not  certain  that  this  bed  of  sand 
is  from  the  Cussewago,  since  it  may  possibly  be  a  glacial  instead  of  an 
alluvial  deposit.  The  bed  of  sand  in  the  run  is  apparently  a  deposit 
overlying  one  of  gravel.  The  sand  is  composed  of  worn  grains  of 
white  quartz  which  when  examined  under  the  microscope  have  the  same 
size,  shape  and  appearance  as  those  of  the  Cussewago  sandstone. 

An  exposure  of  very  coarse-grained,  greenish-buff  (when  damp) 
sandstone  occurs  in  the  highway  gutter,  one-eighth  mile  west  of  North 
Shenango  Creek,  on  the  first  east  and  west  highway  south  of  the  one 
passing  through  Conneaut  Center.  There  is  about  4  feet  of  the  rock 
shown,  which  is  very  soft  and  friable  and  contains  some  flat  disc- 
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shaped  pebbles.     Lithologically  it  agrees  with  the  Cussewago  sandetone. 

One-fourth  mile  north  of  the  above  locality  and  just  north  of  the 
house  of  L.  G.  Bollard  on  the  highway  and  in  the  ravine  at  the  same 
locality  is  shown  coarse-grained,  greenish-gray,  friable  sandstone, 
closely  dotted  with  brown  spots.  It  also  contains  some  flat  quartz 
pebbles.  About  3  feet  is  shown  by  the  roadside  and  about  the  same 
thickness  in  the  bank  of  the  stream  west  and  above  the  highway. 

These  last  two  outcrops  were  described  by  Dr.  White  in  his  report  on 
Conneaut  Township,  who  gave  their  horizon  as  at  the  top  of  the  Cusse- 
wago sandstone.  In  describing  the  first  of  them  he  wrote  that  "the 
top  of  the  Cussewago  Sandstone  is  seen  exposed  along  the  roadside,  with 
the  same  character  as  near  Summit  Station,  except  that  near  its  top  are 
seen  many  pebbles  of  shale."1  These  two  outcrops  agree  closely  in 
lithologic  appearance  with  others  already  described  in  Andover  and 
Williamsfield  townships,  Ohio,  which  have  been  correlated  with  Dr. 
White's  Cussewago  sandstone  of  northwestern  Pennsylvania. 

A  gully  in  the  southeastern  part  of  Conneaut  Township,  about 
1J  miles  north  of  Linesville  and  a  similar  distance  south  of  Summit 
Station,  just  north  of  the  house  of  Lisk  &  Son,  affords  an  interesting 
section  for  this  relatively  flat  country. 

Section  One  and  One-half  Miles  South  of  Summit  Station. 

Total 

Thick-  thick- 
No,  ness,     ness 

Feet.     Feet. 

4.  Orangeville  shale.  Loose  in  bank,  pieces  of  thin,  black 
shale,  fully  as  black  as  the  Sunbury. 

3.  Berea  formation.  Highest  outcrop  shown  in  old  quarry 
pits  just  above  the  road.  This  sandstone  is  tough, 
rather  fine-grained,  and  only  above  its  top  are  the 
black  or  blue  shales  of  the  Orangeville  formation  found. 
About  6  feet  below  the  top  of  the  quarry  is  a  gray, 
moderately  coarse-grained  layer,  which  is  probably 
the  one  formerly  quarried  to  the  greatest  extent.  At 
about  the  same  distance  below  the  top  of  the  quarry, 
a  rough  and  much  iron-stained  layer  is  shown  in  the 
roadside  gutter.  This  portion  of  the  Berea  formation 
was  called  the  Corn/  sandstone  by  Dr.  White,  and  this 
is  thought  to  be  the  locality  where  he  stated  that 
"About  one  and  a  half  miles  south  from  Summit  Sta- 
tion the  Corry  Sandstone  has  been  quarried  to  a  small 
extent  on  the  land  of  Mr.  Daniel  Spaulding;  in  irregular 
buff-colored  flags  3"  to  6"  thick"2 6+  23- 

2.  Below  layer  in  highway  and  the  quarry  are  rather  buff, 
arenaceous  shales.  In  bed  of  run,  rather  coarse- 
grained, greenish-buff  (as  wet)  layers  from  1  to  2  inches 
or  more  in  thickness,  one  of  which  is  at  least  5  inches 
thick.  Some  of  these  layers  are  conspicuously  ripple- 


'Second  Geol.  Surv.,  Pa.,  Q4.,  p.  209. 
'Ibid.,  p.  209. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

marked.  From  the  5-inch  layer  to  the  one  at  the  base 
of  the  quarry  is  16^  feet  by  the  level.  The  shales  of  this 
zone  represent  what  Dr.  White  named  the  Cussewago 

shales   16^      16? 

1.  Thin  sandstones,  alternating  with  shales,  the  sandstones 
rather  finer  grained  and  tougher  than  those  in  the 
superjacent  zone. 

The  Corry  sandstone  was  named  and  described  by  Dr  White  in 
1881  from  quarries  a  mile  south  of  and  300  feet  higher  than  Corry,  a 
city  located  in  the  extreme  eastern  part  of  Erie  County,  Pennsylvania, 
which  it  will  be  recalled  is  the  northwestern  county  of  that  state.  Dr. 
White  thus  described  this  sandstone:  "A  yellowish-white  or  buff-gray 
tint,  and  a  compact  fine-grained  structure  distinguish  it  from  all  the 
higher  sandstones  of  the  region"  and  further  stated  that  it  "is  usually 
10'  or  15'  thick  I  have  nowhere  seen  it  more  than  30V1 

In  the  same  volume  Dr.  White  named  and  described  the  Cusse- 
wago shales,  which  he  stated  'separate  the  Corry  sandstone  above  from 
the  Cussewago  sandstone  below,  and  hold  (near  the  top)  the  Cussewago 
limestone.  *  *  *  * 

"In  some  places  the  interval  between  the  Corry  sandstone  and  the 
Cussewago  sandstone  is  filled,  not  with  shales  (with  the  limestone,)  but 
with  sandy  flags  (without  the  limestone  ;N'  *  *  * 

The  Bedford  red  shale  formation  of  Ohio,  should  in  my  opinion  belong 
here,  bu    I  have  seen  no  red  shale.     *     *     * 

"The    prevailing,   color  of  these  shales  is  a  bluish  or  ashen  grey. 

"Their  average  thickness  is  about  35'.  "2 

These  terranes  are  described  by  Dr  White  under  the  chapter 
entitled  the  "Oil  Lake  Group";  "Berea  Grit  of  Ohio";  "Pithole  Grit 
of  Venango"  and  "Pocono  Sandstone  No.  X,  in  part."  In  its  opening 
paragraph  he  says  "this  group  [Oil  Lake]  is  composed  of  the 
Corry  and  Cussewago  sandstones  and  the  included  Cussewago  limestone 
and  shale."3  On  the  following  page  Dr.  White  said:  "It  certainly  looks 
as  if  the  Waverly  Conglomerate  of  these  sections  [in  Richland,  Ashland 
and  Cuyahoga  counties,  Ohio],  the  Berea  Grit  of  Ohio,  and  my  Oil  Lake 
group  in  Crawford  and  Erie  counties,  occupied  the  same  horizon." 

It  is  evident  from  the  description  of  sections  in  this  bulletin  extend- 
ing from  Cuyahoga  County,  Ohio,  into  Crawford  County,  Pennsylvania, 
that  Dr.  White  was  perfectly  correct  if  he  intended  to  correlate  the 
entire  Oil  Lake  group  of  Pennsylvania  with  the  Berea  formation  of  Ohio. 
This  interpretation  is  supported  by  Dr.  White's  language  in  another  part 
of  the  report  when  discussing  Read's  section  in  Vernon  Township,  Ohio, 

>Ibid.;  p.  93. 
'Ibid.,  pp.  94,  95. 
3Ibid.,  p.  91. 
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he  stated  that  "we  must  look  100'  lower  [than  Read's  horizon]  for  the 
genuine  Berea,  viz:  in  the  Corry  and  Cussewago  sandstones  of  the  Oil 
Lake  group  (the  Pithole  grit  of  the  Oil  regions)."1 

It  is  not  clear,  however,  that  such  was  Dr.  White's  exact  meaning, 
since  under  his  description  of  the  Corry  sandstone  it  was  stated  that 
"near  the  northwest  corner  of  N.  Shenango  township  its  outcrop 
passes  into  Ohio  and  continues  west  as  Dr.  Newberry's  Berea  Grit 
outcrop."2  Following  which  statement  is  the  further  one  that  "the 
rock  of  the  East  Cleveland  quarries  looks  very  like  the  Corry  rock."3 
Apparently  Professor  Cushing  concluded  that  it  was  only  the  Corry 
sandstone  which  was  correlated  with  the  Berea,  since  he  stated  that  as 
a  result  of  his  own  studies  in  northeastern  Ohio  "the  work  so  far  done 
would  seem  to  show  that  Professor  White  is  right  in  his  claim  that  the 
Corry  sandstone  is  the  equivalent  of  the  Berea;"4  while  Professor 
Stevenson  wrote  that  the  Berea  grit  is  "evidently  the  same  with  the 
upper  part  of  White's  Oil  Lake  group."5 

Dr.  White  was  mistaken  if  he  considered  the  Waverly  conglom- 
erate of  Ohio  (Black  Hand  and  probably  also  including  the  lower  part 
of  the  Logan  formation)  the  same  as  the  Berea,  since  it  occurs 
at  a  higher  horizon,  nearer  that  of  the  Shenango  sandstone  of  the 
Pennsylvania  section.  It  is  also  probably  incorrect  to  correlate  the 
Cussewago  shale  with  the  Bedford  shales  which  lie  below  the  base  of 
the  Berea  formation  in  Ohio.  Dr.  White  in  his  interpretation  of  Dr. 
Newberry's  Cleveland  section  correlated  with  a  (?)  mark  the  Berea  grit 
with  the  Corry  sandstone  and  in  the  same  way  the  blue  sandstone  of  the 
Bedford  (Euclid  lentil)  with  the  Cussewago  sandstone.6  There  is  noth- 
ing, however,  in  common  between  these  sandstones.  The  Euclid  lentil 
is  a  fine-grained,  compact  sandstone  instead  of  a  coarse-grained  and  very 
friable  one.  Then  stratigraphically  the  Euclid  thins  out  and  disappears 
as  the  Bedford  is  followed  eastward;  while  the  shaly  sandstones  and 
shales  of  the  Berea,  called  the  Cussewago  shales  in  western  Pennsylva- 
nia, develop  at  that  horizon  in  the  Berea  formation  in  eastern  Ohio 
and  may  be  followed  from  this  State  to  their  typical  locality  in 
Pennsylvania. 

Dr.  Orton  in  his  later  work  correlated  the  Berea  grit  with  the  Corry 
sandstone  of  Dr.  White,  since  he  wrote  that  "his  [White's]  Corry  sand- 
stone appears  to  be  none  other  than  the  Berea  grit."7 

Dr.  George  H.  Girty  has  devoted  much  time  to  field  and  laboratory 
study  of  the  Waverly  and  in  1901  is  reported  as  saying  that  "the  Berea 
grit  of  the  Waverly  group  was  found  to  be  the  equivalent  of  the  Cussewago 

'Ibid.,  pp.  85,  86. 
*Ibid.,  pp.  93,94. 

slbid,  p.  94  f.  n.    Also  see  interpretation  of  Dr.  Newberry's  Cleveland  section 
on  p.  92  and  Fig.  lib  of  p.  82. 

4Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXVI,  188S,  p.  215. 
5Bull.  Geol.  Soc.  America,  Vol.  XIV,  1903,  p.  41. 
•Second  Geol.  Surv.  Pa.,  Q4,  p.  92  and  see  section  lib  on  p.  82.- 
7GeoL  Surv.  Ohio,  Vol.  VII,  1893,  p.  33. 
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sandstone  of  northwestern  Pennsylvania."1  Later,  however,  he  stated 
that  "the  Berea  grit  of  Ohio  is  White's  Cussewago  sandstone,  together 
with  probably  the  Cussewago  flags  and  Corry  sandstone."2  Finally, 
Professor  Schuchert  in  his  "Table  of  Mississippic  Formations"  put  the 
Berea  grit  at  the  base  of  the  Pocono,  which  he  correlated  as  follows 
with  the  formations  of  northwestern  Pennsylvania:  "Berea  (Cussewago 
and  Corry  of  Pennsylvania)."3 

The  results  obtained  in  this  bulletin  seem  to  show  conclusively  that 
the  Berea  formation  of  Ohio  is  the  western  equivalent  of  the  sandstone 
of  western  Crawford  County,  Pennsylvania,  identified  by  Dr.  White 
as  the  Corry  sandstone  and  the  subjacent  Cussewago  shales  and  Cusse- 
wago sandstone. 

An  interesting  exposure  of  the  Cussewago  sandstone  was  studied 
by  the  roadside  on  the  Reuben  and  Charles  Reece  farms  to  the  south- 
east of  Summit  Station.  It  is  shown  in  the  gutter  on  the  north  and  south 
road  parallel  to  the  Erie  and  Pittsburgh  Railroad,  where  about  10  feet 
was  measured.  It  is  rather  buff  in  color,  coarse-grained,  very  friable 
and  has  been  very  thoroughly  leached  of  its  cementing  material.  The 
layers  are,  however,  distinctly  shown  so  that  there  is  no  question  about 
its  being  a  bedded  sandstone.  The  upper  layers  are  apparently  coarser 
than  the  lower  ones.  At  this  location  in  flat  loose  blocks  (but  not 
transported)  numerous  fossils  were  seen.  The  writer  is  not  certain, 
however,  that  they  were  from  the  Cussewago  shales;  perhaps  they  were 
from  a  higher  horizon.  The  box  containing  them  was  lost  by  the  rail- 
road in  transportation. 

This  is  the  locality  which  was  described  as  follows  by  Dr.  White 
in  the  Conneaut  Township  report : 

"Just  south  from  Summit  Station  the  Cussewago  Sandstone  is  seen 
along  the  road  which  passes  north  and  south  parallel  to  the  E.  and  P. 
Railroad.  It  possesses  the  same  loose  incoherent  texture  here  as  so 
often  elsewhere;  at  first  sight  I  mistook  its  outcrop  for  a  heap  of  Drift 
sand;  for  marks  of  the  spade  were  left  where  it  had  been  shoveled  for 
making  lime  mortar.  On  closer  examination  shales  and  harder  layers 
of  sandstone,  regularly  stratified,  were  found  on  top  of  it.  The  sand  has 
a  greenish  hue,  and  contains  a  considerable  quantity  of  smoothly  worn 
pebbles  of  quartz,  mostly  flat  in  shape. 

"Only  6'  to  8'  of  the  top  of  this  curious  deposit  could  be  seen."4 

Summer  Hill  Township,  Pa* — Summer  Hill  Township,  Crawford 
County,  lies  to  the  east  of  the  northern  half  of  Conneaut  Township. 

The  old  D.  V.  Miller  quarry,  which  was  worked  in  1836-40  to 
furnish  stone  for  the  canal  locks,  was  visited.  It  is  now  on  the  farm 


Science,  N.  S.,  Vol.  XIII,  April  26;  p.  664. 
2Proo.  Washington  Acad.  Sci.,  Vol.  VII,  1905,  p.  6. 
'Bull.  Geol.  Soc.  America,  Vol.  XX,  1910,  p.  548. 
4Second  Geol.  Surv.  Pa.,  Q4,  p.  209. 
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of  John  S.  Andre  and  is  overgrown  with  grass  and  trees.  Loose  blocks 
of  stone,  however,  which  apparently  came  from  it  are  buff  in  color, 
and  like  the  stone  later  to  be  described  in  the  Montgomery  quarry  lo- 
cated three  miles  to  the  north. 

Farther  up  the  run  is  a  shale  bank  of  about  10  feet  which  resembles 
the  Orangeville.  The  contact  is  not  shown  and  apparently  the  outcrop 
of  shale  is  somewhat  above  the  base  of  that  formation.  These  soft 
bluish-gray  shales  in  the  run  contain  rather  numerous  specimens  of 
Lingula  melie  Hall.  The  size  and  proportions  of  these  specimens  agree 
fairly  well  with  those  of  various  sizes  from  the  typical  locality  for 
this  species  at  Chagrin  Falls,  Ohio.  The  measurements  of  4  specimens 
are  as  follows: 

Length  Width 

11.5     ram.  8        mm. 

8  5          " 

7.25     "  4.5       " 

7          "  4.5       « 

The  fauna  and  lithologic  appearance  of  these  shales  are  similar  to 
those  of  the  Orangeville  as  shown  at  their  typical  locality  in  that 
village.  The  east  highway  on  which  Dr.  White  reported  the  Orangeville 
shale  is  a  little  above  this  locality.  He  also  described  the  neighboring 
Miller  quarry,  which  he  referred  to  the  Corry  sandstone,  gave  the  thick- 
ness as  from  10  to  12  feet,  and  stated  that  its  "aspect  [is]  much  the  same  as 
at  Montgomery's,  except  that  there  is  more  interstratified  shale."1 

The  old  J.  R.  Montgomery  quarry  is  located  on  his  farm  to  the  east 
of  Carr's  corners,  two  miles  southeast  of  Conneautville  and  300  feet  high- 
er than  the  power  house  in  that  village.  The  quarry  at  the  time  of 
the  writer's  visit  was  filled  with  water.  In  a  small  run  above  it  5  ± 
feet  of  bluish  shales  interstratified  with  layers  of  bluish-gray,  mica- 
ceous, fairly  fine-grained  sandstones  are  shown  which  do  not  resemble 
the  Orangeville  shales.  A  little  farther  down  the  run  is  a  small  outcrop 
of  the  quarry  stone  which  is  of  a  buff  color,  rather  fine-grained,  somewhat 
friable  and  with  something  of  the  texture  of  the  ordinary  Berea  sand- 
stone. Mr.  Montgomery  said  that  some  of  the  stone  from  his  quarry 
would  have  made  grindstones. 

This  is  the  quarry  in  the  Corry  sandstone  described  by  Dr.  White 
from  which,  he  wrote,  "a  considerable  amount  of  building  stone  has  been 
taken  thickness,  8';  upper  5'  only  quarried.  The  rock 

has  its  characteristic  fine  grained  and  buffish  white  color;  and  the  layers 
vary  from  6"  to  12",  occasionally  thickening  up  to  3'."2 

A  ledge  is  shown  in  an  old  quarry  on  the  highway  and  in  the  first 
gully  south  of  the  J.  R.  Montgomery  house,  on  the  farm  of  Rev.  Alli- 

'Ibid.,  p.  207. 
!Loc.  cit. 
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son  (?).  Mr.  Montgomery  said  that  this  ledge  is  the  same  as  the  one 
quarried  below  his  house  and  the  elevation,  which  the  barometer  gave 
as  the  same,  apparently  confirms  this  statement.  The  top  of  the 
sandstone  is  rather  rough,  the  rock  shaly  and  much  iron-stained  as  in 
many  outcrops  of  the  top  of  the  Berea  sandstone  in  Ohio.  The  best 
exposure  is  on  the  northern  bank,  and  in  a  small  run  10  feet  of  shale  im- 
mediately overlying  the  sandstone  is  shown.  At  the  contact  of  the  shale 
and  sandstone  there  is  a  very  soft  drab  layer,  almost  a  clay,  about  6  inches 
thick,  with  some  black  or  blackish  streaks.  Above  this  layer  the  shale  is 
drab  with  blackish  layers  in  which  are  fossils  as  Lingula  melie  Hall. 
The  specimens  of  Lingula  are  rather  infrequent  and  fairly  small;  but 
have  about  the  usual  proportions  of  length  to  breadth  of  L.  melie  Hall. 
One  specimen  that  was  measured  is  6.25  mm.  long  and  4  mm.  wide. 
The  upper  part  of  the  bank  is  composed  of  black  or  blackish  shale, 
weathering  to  a  brownish  color.  All  this  shale  agrees  closely  with  the 
lower  part  of  the  Orangeville,  which  it  undoubtedly  is.  The  sandstone  and 
the  black  and  drab  shales  are  shown  in  the  highway  gutter  to  the  north 
of  the  quarry.  Some  of  the  shale  as  weathered  has  split  into  very  thin 
flakes  and  is  decidedly  black  in  color.  The  sandstone  below  the  shale 
as  examined  downward  soon  changes  to  a  bluish  rather  coarse  shale, 
alternating  with  thin  sandstones,  and  about  3  feet  is  shown.  This 
zone  is  similar  to  the  shale  shown  above  the  J.  R.  Montgomery  quarry. 

Barometrically  55  feet  lower  in  this  gully  is  the  top  of  a  rather 
coarse-grained  decidedly  bluish  sandstone  which  is  very  friable  and  is 
the  Cussewago.  Above  the  top  of  this  sandstone  is  a  fairly  steep  bank 
the  lower  10  feet  of  which  is  covered;  but  the  upper  13  feet  or  more  is 
exposed.  This  upper  part  is  composed  mainly  of  a  rather  coarse, 
sandy  micaceous  buff  and  bluish  shale  which  is  lithologically  not  at 
all  similar  to  the  Orangeville  shale  and  belongs  to  the  Cussewago. 
The  following  section  has  been  constructed  from  the  outcrops  at  this 
locality : 

Section  South  of  the  J.  R.  Montgomery  House. 

Total 

Thick-  thick- 
No,  ness.     uess. 

Feet.     Feet. 

6.  Orangeville  shale.  Upper  part  of  bank  black  to  blackish 
shale,  weathering  to  a  brown  color.  Lower  the  shale 
is  drab  in  color,  with  blackish  layers  in  which  Lingula 
melie  Hall  occurs.  At  the  base  a  drab,  very  soft  layer 
with  black  streaks  about  6  inches  thick 10  65 

5.  Berea  formation.  The  top  of  the  sandstone  is  rough  and 
much  iron-stained  and  soon  changes  to  a  bluish,  coarse 
shale,  alternating  with  sandstones.  Thicker  layers 
of  rather  fine-grained  sandstone  formerly  quarried; 
but  thickness  not  determined.  C or ry  sandstone 3=^  55 

4.     Mainly  covered  zone 29        52 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

3.     Rather  coarse,  sandy,  micaceous,  buff  and  bluish  shale. 

Cussewago  shale   13        23 

2.     Covered  zone 10        10 

1.  Bluish,  rather  coarse-grained  sandstone,  which  is  rather 
friable  as  found  on  the  bank  of  the  run.  Only  upper 
part  of  zone  exposed.  Cussewago  sandstone. 

The  Orangeville  shale  was  also  reported  from  this  immediate  vi- 
cinity by  Dr.  White,  who  wrote  that  "along  the  road  where  a  cutting 
was  made,  just  south  from  this  [the  J.  R.  Montgomery  quarry],  and  60' 
higher,  20'  of  blue  Orangeville  shale  is  seen,  filled  with  Lingulce"1 

On  the  Mary  A.  Crate  farm  the  upper  three  layers  of  the  blue 
Cussewago  sandstone  are  shown  at  about  the  same  elevation  as  in  the 
gully  described  above.  The  top  one  is  a  foot  in  thickness,  the  middle 
1|  feet  and  the  bottom  one  2  feet,  the  base  of  which  is  at  the  bottom 
of  the  excavation.  According  to  Mr.  Crate  this  stone  hardens  on  season- 
ing, and  he  pointed  out  blocks  of  it  used  in  the  steps  and  cellar  wall 
of  his  house  which  were  rather  hard.  Other  blocks  which  he  said  came 
from  this  quarry  and  have  been  exposed  to  the  weather  for  many  years 
are  decidedly  hard.  If  his  statements  be  correct  then  this  stone  may 
be  valuable  for  building  purposes  when  quarried  and  seasoned  in  the 
summer  sun  before  using. 

Hayfield  Township,  Pa, — To  the  east  of  Summer  Hill  and  Summit 
townships,  is  Hayfield  Township,  crossed  by  Cussewago  Creek,  which 
enters  French  Creek  in  Vernon,  the  next  township  to  the  south,  opposite 
the  city  of  Meadville.  Cussewago  Creek  Valley  is  bordered  by  fairly 
steep  hills,  and  the  streams  descending  from  the  higher  ground  in  some 
instances  afford  opportunity  for  studying  the  Carboniferous  formations. 

A  stream  crossing  the  valley  road  near  the  brick  house  of  Mr. 
P.  W.  Boyer,  about  one  mile  south  of  Hayfield  or  Little's  Corners, 
affords  excellent  outcrops  of  some  of  the  terranes  as  they  are  shown  in 
the  glen  above  the  highway.  This  is  the  locality  of  the  "Section  below 
Hayfield"  described  by  Dr.  White.2 

Section  of  Boyer  Glen  about  One  Mile  South  of  Hayfield. 

Total 

Thick-  thick- 
No,  ness,     ness 

Feet.     Feet. 

9.  Sharpsville  upper  sandstone.  Highest  outcrops  near 
head  of  stream  by  farm-house.  Bluish-gray,  fine- 
grained sandstone,  slightly  friable,  and  not  rough  to 
the  touch.  There  are  numerous  fucoidal  markings  on 
the  sandstones,  and  the  lithology  and  general  appear- 


'Ibid.,  p.  207. 
2Ibid .,  pp.  201,202. 
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Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

ance  are  very  similar  to  those  of  sandstones  in  northern 
Ohio,  that  are  referred  to  the  Sharpsville  sandstone 
in  this  bulletin.  These  sandstones  are  described  as 
flaggy  in  Dr.  White's  section,  and  given  a  thickness  of 
25feet 29  270 

8.  Meadville  lower  limestone.  A  massive,  bluish-gray,  com- 
pact limestone  about  15  inches  thick,  given  as  2  feet 
in  Dr.  White's  section,  as  shown  in  ledge  on  stream 
bank.  Dr.  White  wrote  that  'The  Meadville  Lower 
Limestone  (rather  flinty  and  with  glassy  fracture)  is 
finely  exposed  and  its  peculiar  round  blocks  are  scat- 
tered along  the  ravine  from  its  head  to  its  mouth."1 1|  241  + 

7.  Sharpsville  lower  sandstone.  These  sandstones  are  rather 
flaggy,  and  in  the  lower  part  alternate  with  shales, 
which  predominate  in  thickness  in  this  part  of  the 
terrane.  A  fairly  heavy  layer,  however,  occurs  at 
the  horizon  that  was  selected  for  the  base  of  these 
sandstones.  Described  as  flaggy  in  Dr.  White's  sec- 
tion, with  a  thickness  of  10  feet,  and  a  6-inch  layer  of 
limestone  at  the  base.  It  is  stated  that  "The  Sharps- 
ville Sandstone,  upper  and  lower,  are  more  massive 
here  than  usual;  bluish-white,  fine-grained,  layers  1' 
to  2'  thick,  with  very  little  interstratified  shale. "2__  20  240 

6.  Orangeville  formation.  Bluish  shales  predominate;  but 
there  are  frequent  lenticular  or  thin  layers  of  sand- 
stone. The  shales  in  part  are  somewhat  arenaceous; 
but  at  least  part  of  them  are  very  argillaceous,  of 
blue  color,  and  carry  specimens  of  Lingulas  to  the  very 
top,  as  stated  by  Dr.  White  ___  .__  77  220 

5.  A  flaggy  sandstone  layer  3  feet  thick  according  to  Dr. 
White,  which  is  conspicuous  in  the  bank  of  the  stream, 
where  it  is  rather  massive,  and  makes  a  small  fall____.  3  143 

4.  Bluish,  argillaceous  shales,  containing  Lingulas.  Contact 
with  lower  formation  not  shown.  This  glen  is  a  fine 
locality  in  which  to  study  the  Orangeville  formation, 
with  the  exception  of  its  extreme  lower  part. 

This  section  gives  a  thickness  of  at  least  90  feet 
for  the  Orangeville  formation,  while  another  reading 
of  the  barometer  gave  85  feet  for  the  same  interval.  On 
Dr.  White's  section,  the  thickness  of  this  same  exposed 
part  of  the  formation  is  given  as  88  feet.  He  also  re- 
ported that  "The  Orangeville  shale  as  a  mass  is  thicker 
here  than  usual  along  French  creek.  It  is  filled  from  top 
to  bottom  with  Lingulae  and  Discinae;  but  I  saw  no 
other  shells.  The  shales  have  a  dark  bluish  color 
throughout,  and  are  quite  soft."3 .__  10  140 

3.     Covered  interval 15      130 

2.    Berea    formation.     Bluish,     coarse-grained,     flaggy     and 


'Ibid.,  p.  202. 
'Ibid.,  p.  202. 
3Ibid.,  p.  202. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

friable  sandstone  in  bed  of  stream;  but  not  much  shown. 
Most  of  this  interval  covered.     Sandstone  shown  in 

bed  of  stream,  55  feet  below  the  top  of  this  zone 55      115 

1.  Concealed  interval  to  fossiliferous  sandstone  in  bed  of 
stream  near  the  house  of  Mr.  P.  W.  Boyer.  Lowest 
rocks  exposed  on  stream 60  60 

The  Orangeville  shale  of  the  above  section  contains  numerous 
medium  sized  specimens  of  Lingula  melie  Hall.  One  of  these  measures 
7  mm.  in  length  and  4.5  mm.  in  width.  Some  of  the  other  specimens 
agree  in  proportion  of  length  to  breadth  better  with  those  given  by 
Hall  for  L.  cuyahoga]  but  they  are  smaller  in  size.  One  of  these  is  10 
mm.  long  and  6  mm.  wide,  which  is  the  exact  proportion  of  5  to  3  that 
is  given  by  Hall  for  L.  cuyahoga.  At  present,  however,  these  specimens 
are  not  separated  from  L.  melie,  because  the  type  Specimen  of  L.  cuya- 
hoga is  a  considerably  larger  form  with  a  length  of  15  mm.  and  a  width 
of  10  mm.,  which  also  gives  the  proportion  of  3  to  2,  or  those  of  L.  melie 
according  to  Professor  Hall.  There  is  some  variation  in  the  propor- 
tion of  length  to  breadth  of  the  specimens  that  have  been  listed  by 
the  writer  as  L.  melie  Hall;  but  if  they  agree  fairly  well  with  the  size 
of  the  type  specimens  of  this  spebies  they  have  not  been  separated 
from  it. 

Dr.  White's  Bartholomew's  section  on  the  Bartholomew  farm 
(Hunter  in  1904)  on  a  run  about  one  mile  northwest  of  Hayfield  was 
examined.  The  light  blue,  soft  Cussewago  sandstone  as  described 
by  Dr.  White  was  readily  found.  One  layer  in  the  bed  of  the  stream 
shows  fairly  well  formed  ripple-marks.  Buff  colored  rather  fine-grained 
and  somewhat  friable  sandstones  occur  35  feet  higher,  which  in  texture 
are  like  similar  fine-grained  sandstones  of  the  Berea  in  Ohio.  Five 
feet  higher  at  the  roadside  are  thinner  bedded  sandstones  with  a  rough 
surface,  where  it  looks  as  though  the  upper  rough  layer  of  the  Berea 
formation  is  thinning  out  as  it  is  followed  eastward  and  the  shales 
below  are  thin  and  bluish.  It  is  believed  that  this  upper  rough  surface 
corresponds  to  the  rough  top  of  the  Berea  sandstone  in  Ohio.  These 
upper  sandstones  at  this  locality  are  evidently  what  Dr.  White  called 
the  Corry  sandstone  in  this  section,  with  a  thickness  of  10  feet,  which  he 
described  as  having  "been  quarried  here  for  buildings  in  the  surround- 
ing country;  in  layers  6"  to  18"  thick,  tolerably  fine-grained,  grayish- 
white,  with  a  tinge  of  yellow."1  Ten  feet  of  the  lower  sandstone  was 
also  reported  as  visible,  concerning  which  Dr.  White  wrote  as  follows : 
"The  Cussewago  sandstone  makes  the  bed  of  the  stream;  its  top  is  quite 
hard  for  two  feet;  but  below  that  the  sand  becomes  coarse  and  coheres 
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so  loosely  that  one  can  remove  it  almost  as  easily  as  from  a  heap  of 
silt-sand  along  any  stream.  The  color  is  a  greenish-brown  but  occasion- 
ally black."* 

The  Canal  Feeder  dam  section  in  the  southeastern  part  of  the  town- 
ship, which  was  described  by  Dr.  White,  was  also  studied.  At  this 
locality,  which  is  known  as  Bemistown,  a  run  enters  French  Creek  from 
the  west  some  2|  miles  northwest  of  Meadville.  The  rocks  of  this  section 
were  examined  somewhat  hastily,  the  highest  ones  of  which  are  shown 
in  the  edge  of  the  pasture  above  the  woods. 

Section  of  Bemistown  Run. 

Total 

Thick-  thick- 
No.  .  .  cess.     ness. 

Feet.     Feet. 

4.  The  highest  outcrops  in  this  section  were  called  the  Carry 
sandstone  by  Dr.  White,  and  the  thickness  given  as 
5  feet.  This  sandstone  is  blue,  rather  fine-grained, 
and  lithologically  resembles  more  closely  the  Cuyahoga 
sandstones  than  the  top  of  the  Berea 5  160 

3.  Bluish-black,  argillaceous  shale,  which  is  very  compact, 
and  contains  numerous  specimens  of  Lingulas  at  a  hor- 
izon 10  feet  or  more  below  the  base  of  the  sandstone. 
Near  the  base  of  this  zone  is  a  2-inch  sandstone,  below 
which  are  about  3  feet  of  blue,  somewhat  sandy  shales. 
The  color  of  this  shale  and  its  fauna  raises  the  question 
whether  it  may  not  be  the  Orange ville 30  =t  155 

2.  Blue,  rather  fine-grained  sandstone,  the  top  surface  of 
which  is  rough  and  irregular  and  more  like  the  top  of 
the  Berea  than  the  upper  sandstone.  The  lower  part 
of  this  zone  is  a  thin-bedded,  gray,  friable  sandstone, 
composed  of  rather  coarse  grains  of  quartz.  Perhaps 
the  color  is  slightly  greenish-gray  when  wet,  as  ex- 
posed in  the  bed  of  the  run.  This  lower  part  is  the 
sandstone  that  Dr.  White  called  the  Cussewago,  and 
described  as  massive,  with  a  thickness  of  27  feet.  The 
barometer  gave  50  feet  thickness  for  the  interval  from 
the  base  of  the  shale  to  the  base  of  the  Cussewago  sand- 
stone, and  in  Dr.  White's  section,  the  Cussewago  and 
flaggy  sandstone  above,  which  correspond  to  this  sand- 
stone, have  a  combined  thickness  of  47  feet 50  125 

1.  Fine-grained,  blue,  flaggy  sandstones,  with  some  shale. 
At  a  horizon  between  10  and  15  feet  below  the  base  of 
the  Cussewago  sandstone  collected  specimens  of 
Spirifer  disjunctus  Sowb.,  and  some  other  poorly  pre- 
served fossils.  A  very  fossiliferous  layer  of  shaly 
sandstone  occurs  20  feet  or  more  below  the  base  of  the 
Cussewago,  which  contains  numerous  specimens  of 
Spirifer  disjunctus  Sowb.,  and  much  less  abundantly 
specimens  of  Reticularia  prcematura  (Hall),  Euom- 
phalus  hecale  Hall  (?),  Pterinea  sp.  and  a  few  others. 
Farther  down  the  run,  a  good  many  of  the  thin-bedded, 
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Total 

Thick-  thick- 
ness,   ness. 
No<  Feet.    Feet. 

blue  sandstones  are  ripple-marked.  Fossils  were  col- 
lected at  various  horizons  in  the  lower  part  of  the  glen. 
These  blue,  thin-bedded  sandstones  and  shales  were 
studied  down  to  the  lowest  outcrops  above  the  high- 
way, which  the  barometer  gave  as  between  50  and  80 
feet  below  the  base  of  the  Cussewago  sandstone.  The 
barometer  was  falling  when  the  second  readings  were 
taken,  which  gave  50  feet,  and  probably  Dr.  White's 
thickness  of  75  feet,  for  apparently  the  same  interval, 
is  essentially  correct  75=*=  75 

The  above  section  clearly  shows  the  presence  of  Spirifer  disjunctus 
Sowb.  or  a  form  so  similar  to  it  that  it  is  practically  impossible  to  separate 
them  within  10  or  15  feet  of  the  base  of  the  Cussewago  sandstone, 
while  the  same  species  occurs  commonly  in  association  with  other 
Devonian  species  only  some  20  feet  below  the  base  of  this  sandstone. 
These  fossiliferous  shales  and  sandstones  belong  in  what  Dr.  White 
named  the  Riceville  shale,  and  this  is  the  one  detailed  section  which  he 
gave  in  the  chapter  devoted  to  the  description  of  that  shale.1 

From  the  outcrops  20  feet  below  the  base  of  the  Cussewago  sand- 
stone the  following  species  were  collected: 

1.  Spirifer  disjunctus  Sowb (c) 

2.  Reticularia  pr  a3matura  (Hall)  Schuchert (rr) 

3.  Euomphalus  (Straparollus)  hecale  Hall (c) 

From  the  lower  part  of  the  section  the  following  species  were 
obtained : 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Camarotcechia  orbicularis  Hall   (rr) 

3.  Reticularia  prsematura  (Hall)    Schuchert (a) 

4.  Schuchertella  chemungensis  (Con.) (rr) 

5.  Strophalosia  truncata  (Hall)  Beecher  (?) (rr) 

6.  Productella  lachrymosa  Con.  var.  lima  Con.  (?) (rr) 

7.  Productella  hirsuta  Hall  (?) (r) 

8.  Chonetes  setiger  Hall (c) 

9.  Euomphalus  (Straparollus)  hecale  Hall (rr) 

10.  Limoptera  sp (rr) 

The  outcrops  in  this  township  in  the  hills  bordering  Cussewago 
and  French  creeks  are  important,  since  the  typical  outcrops  for  Dr. 
White's  Cussewago  sandstone  are  located  in  the  southern  part  of  the 
township  on  a  tributary  of  French  Creek.  The  sandstone  at  this  locality 
was  described  by  Dr.  White  as  "a  very  coarse,  dark,  grayish-brown  rock, 


'Second  Geol.  Suvey  Pa.,  Q4,  p.  97. 


404  DEVONIAN  AND  MISSISSIPPIAN 

the  grains  of  which  cohere  loosely,  and  rapidly  crumble  apart  on  ex- 
posure."1 

The  Meadville  limestones  are  also  named  from  outcrops  in  the 
vicinity  of  Meadville,  only  about  3  miles  southeast  of  the  southern 
boundary  of  Hay  field  Township.  The  Meadville  lower  limestone 
was  described  in  general  by  Dr.  White  as  a  "thin  bed  of  impure  lime- 
stone. *  *  * 

"Seldom  more  than  2'  thick,  and  often  only  1',  it  is  nevertheless 
so  persistent,  that  I  found  it  in  every  part  of  Crawford  county;  after- 
wards in  Mercer  county,  along  the  Shenango  valley,  for  21  miles  to 
where  near  Sharon  it  goes  beneath  water  level.  * 

"This  limestone  is  very  hard  and  flinty  *  *  *  'It  lies',  says 
J.  T.  Hodge,  who  first  described  it,  'in  large  and  nearly  square  masses, 
the  angles  of  which  ate  more  or  less  rounded  off,  showing  the  readiness 
with  which  the  lime  is  dissolved  out  of  the  rock.  By  the  removal  of  this 
ingredient,  and  the  oxidation  of  the  iron  in  the  stratum,  it  acquires  a 
brown  siliceous  crust,  sometimes  thick'."2  Finally,  under  the  de- 
scription of  the  typical  outcrops  in  Mead  Township,  in  which  the  city 
of  Meadville  is  located,  Dr.  White  reported  the  Meadville  lower  lime- 
stone finely  exposed  in  the  bed  of  a  stream  to  the  northeast  of  the  city 
where  "large,  angular  blocks  (with  the  edges  rounded  off)  lie  scattered 
along  the  bed  of  the  stream  for  a  considerable  distance  near  the  hy- 
draulic ram  which  supplies  the  cemetery  with  water.  The  limestone 
rock  is  quite  hard,  and  breaks  with  the  peculiar  glassy  fracture  so  com- 
mon to  the  calcareo-siliceous  deposits  under  the  Conglomerate."3 

It  is  also  important  to  note  that  the  blue  shales  and  flaggy  sandstones 
below  the  Cussewago  sandstone  in  Hayfield  and  Mead  townships  carry 
Chemung  fossils,  among  which  is  the  very  characteristic  species  of 
Spirifer  disjunctus  Sowerby.  Dr.  White  reported  "hundreds  of  speci- 
mens of  Productus  Boydii,  and  Spirifer  a  disjuncta  [Spirifer  disjunctus}, 
besides  a  small  Orthoceras"*  in  the  blue  shale  below  the  Cussewago 
sandstone  in  Hayfield  Township.  Also  in  the  bed  of  Mill  Run,  within 
the  limits  of  the  city  of  Meadville,  it  is  stated  that  "the  thin  flaggy 
rocks  are  filled  with  fossils,  among  which  were  seen  Aviculopecten  sub- 
orbicularis,  Spirifera  disjuncta,  Productella  Boydii,  and  many  encrinal 
stems  and  fragments."5  The  diagnostic  character  of  Spirifer  disjunctus 
for  the  Chemung  formation  as  pointed  out  by  Prof.  Henry  S.  Williams 
and  other  geologists,  has  already  been  dwelt  upon  in  this  bulletin. 
It  is  intended  here  simply  to  call  attention  to  the  fact  that  these  Spirifer 
disjunctus  bearing  rocks  in  Meadville  and  its  vicinity  also  contain  certain 
other  species  which  the  writer  has  collected  in  the  upper  part  of  the 


'Ibid  p.  201. 
•Ibid.,  pp.  87,88. 
3Ibid.,  p.  169. 
4Ibid.,  p.  201. 
5Ibid..  p.  171. 
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Chagrin  formation  in  northern  Ohio  in  association  with  Spirifer  dis- 
junctus.  Some  of  the  species  occurring  in  these  shales  near  Meadville 
and  in  the  upper  Chagrin  of  northern  Ohio  are  Cyrtia  alta  Hall,  Reti- 
cularia  prcematura  (Hall)  Schuchert  and  Strophalosia  muricata  (Hall) 
Beecher. 

Meadville,  Pa.,  Sections. — Mill  Run  flows  through  the  southern 
part  of  Meadville  and  enters  French  Creek.  The  run  was  followed 
from  the  Grove  Street  bridge  for  a  mile  or  more  to  the  east,  along  which 
for  some  distance  are  banks  where  sandstones  and  shales  outcrop. 
The  bed  of  the  main  stream,  however,  does  not  rise  very  rapidly,  and  it  is 
not  very  good  for  a  section.  The  exposed  rocks  are  all  blue,  fine-grained 
and  mostly  thin-bedded  sandstones  alternating  with  shales.  Many  blocks 
were  seen  containing  specimens  of  Spirifer  disjunctus  Sowb.  and  in  addi- 
tion specimens  of  Productella,  Chonetes  and  Pelecypods.  Tributaries 
entering  this  run  from  the  hills  bordering  it  give  sections  of  the  higher 
rocks  of  Mississippian  age,  as  for  example  the  Ellis  Mill  Run  section 
described  by  Dr.  White,  that  begins  with  the  Orangeville  shale  and 
continues  up  to  the  Shenango  sandstone,  which  has  a  thickness  at  this 
locality  of  20  feet.1 

From  the  outcrops  on  Mill  Run  above  the  Grove  Street  bridge  the 
following  species  were  collected: 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Chonetes  setiger  Hall (r) 

3.  Productella  boydi  Hall  (?) (rr) 

4.  Strophalosia  muricata  (Hall)  Beecher  (?) (rr) 

5.  Camarotoechia  orbicularis  Hall (rr) 

6.  Sphenotus  clavulus  Hall  (?) (rr) 

Only  anterior  part  preserved. 

7.  Glossites  patulus  Hall  (?) (rr) 

The  specimen  certainly  has  the  appearance  of  this  species. 
It  is  35  mm.  long  and  21  mm.  high,  while  in  Hall's  de- 
scription one  specimen  is  given  as  36  mm.  long  and  21  mm. 
high. 

A  run  in  Vernon  Township,  opposite  the  lower  part  of  Meadville, 
enters  French  Creek  above  the  Lower  Iron  Bridge  or  Kerrtown  Bridge 
and  below  the  Meadville  Brewing  Co.'s  plant.  The  section  on  this  run 
was  described  by  Dr.  White,  the  lower  rocks  of  which  he  said  contained 
many  species  of  Chemung  shells  while  it  extended  up  to  the  Corry  sand- 
stone.2 The  Cussewago  and  Corry  sandstones  were  not  seen,  and 
although  the  course  of  the  run  was  not  followed  much  above  the  reported 
horizon  of  the  Cussewago  sandstone  it  looks  at  present  as  though  the 
older  rocks  in  the  upper  part  of  the  stream  are  mostly  covered. 

'Ibid.,  p.  169. 
2Jbid.,  pp.  164,  165. 
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Section    Opposite    Meadville. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

3.  Thin  layers  of  blue  sandstone  and  shales  on  bank  of  run, 
which  is  the  highest  outcrop  seen.  Above  this  point  the 
rocks  are  apparently  mostly  covered.  This  interval  is 
partly  covered,  at  the  base  of  which  is  the  old  dam  30  140 

2.  Blue,  thin-bedded  sandstones  and  shales,  which  are  largely 
arenaceous,  continue  all  the  way  down  to  the  lowest 
outcrops  studied  on  this  run.  Certain  layers  in  this 
entire  interval  contain  numerous  specimens  of  Spirifer 
disjunctus  Sowb.,  associated  with  other  species  which 
are  much  less  abundant.  Near  the  base  of  this  zone 
a  blue  sandstone  crosses  the  stream,  and  contains  many 
specimens  of  Spirifer  disjunctus  Sowb.,  together  with 
others  of  Reticularia  prcematura  (Hall)  Schuchert, 
Camarotcechia  orbicularis  Hall,  Productella  sp.,  Euom- 
phalus  hecale  Hall  and  two  or  three  species  of  Pelecy- 
pods.  The  lithologic  appearance  of  these  rocks  is  cer- 
tainly very  similar  to  much  of  the  Chemung  forma- 
tion in  New  York 75  110 

1.    Mostly  covered  interval  to  level  of  French  Creek 35        35 

This  section  was  measured  by  the  barometer,  which  gave  the  high- 
est outcrops  seen  as  140  feet  higher  than  French  Creek.  In  Dr.  White's 
section  the  base  of  the  Cussewago  sandstone  is  given  as  140  feet  higher 
than  French  Creek,  and  since  the  run  was  followed  for  some  distance 
above  the  highest  outcrops  seen,  it  is  believed  that  White's  horizon 
for  the  Cussewago  sandstone  was  reached.  The  greater  part  of  the  rocks 
studied  apparently  correspond  to  the  Riceville  shale  of  Dr.  White's 
classification.  The  lower  part  of  the  section  he  referred  to  the  "Venango 
First  oil  sand"  with  a  (?),  and  the  writer  is  not  certain  whether  the  lower 
sandstone  in  which  he  found  the  most  fossils  is  in  this  horizon  or 
above  it. 

From  the  lower  part  of  zone  No.  2  of  the  above  section  the  following 
species  were  collected: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Camarotoechia  orbicularis  Hall  (r) 

3.  Reticularia  pr^matura  (Hall)  Schuchert    (r) 

4.  Productella  lachrymosa  Con.  var.  lima  Con.    (rr) 

Dr.  White  listed  P.  boydi  at  this  locality;  but  this  specimen 
agrees  better  with  the  species  listed  above. 

5.  Chonetes  scitulus  Hall (c) 

Poorly  preserved  specimens. 

6.  Euomphalus  (Straparollus)  hecale  Hall (r) 

7.  Schizodus  chemungensis  Con.  var.  quadrangularis  Hall (r) 

The  umbonal  slope  is  not  so  sharply  angular  as  in  the  figures 
of  this  variety;  but  the  proportions,  length  38  mm.  and  height 
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33  mm.,  agree  with  a  specimen  described  by  Hall  which  is 
38.5  mm.  long  and  33  mm.  high. 

8.  Sphenotus  clavulus  Hall  (?) . (rr) 

9.  Pararca  neglecta  Hall  (?) (rr) 

10.     Loxonemasp. (rr) 

These  sections  show  conclusively  that  in  the  vicinity  of  Meadville 
Spirifer  disjunctus  Sowb.  extends  up  nearly  to  the  base  of  the  Cusse- 
wago  sandstone.  It  was  found  within  about  12  feet  of  the  base  of  the  Cus- 
sewago  in  the  Bemistown  section.  In  addition,  specimens  of  Reticularia 
prcematura  (Hall)  Schuchert,  Strophalosia  muricata  (Hall)  Beecher,  Cam- 
arotcechia  orbicularis  Hall,  Productetta  sp.,  and  other  species  are  found 
in  this  terrane,  although  perhaps  not  continuing  to  so  high  an  horizon 
as  Spirifer  disjunctus.  The  rocks  apparently  correspond  to  the  upper 
part  of  the  Chagrin  formation  in  northeastern  Ohio,  and  contain  a 
similar  fauna. 

Well  Records  in  Spring  and  Beaver  Townships,  Pa. — Directly 
north  of  Summit  Hill  Township  is  Spring  Township,  to  the  west  of  which 
is  Beaver,  which  borders  the  Ohio  line,  and  is  directly  north  of  Conneaut 
Township,  Crawford  County,  Pennsylvania.  The  western  part  of  Spring 
Township  and  all  but  the  southern  portion  of  Beaver  are  covered  by 
younger  rocks  than  those  which  have  just  been  considered  in  the  neigh- 
boring townships  of  Crawford  County.  Several  wells  have  been  drilled 
to  a  considerable  depth  in  these  townships,  and  the  partial  records 
obtained  of  them  are  deemed  of  sufficient  importance  to  warrant  their 
publication. 

Conneautville  is  located  in  Conneaut  Creek  Valley  on  the  southern 
line  of  Spring  Township.  In  1888  a  fairly  deep  well  was  drilled  in  the 
vicinity  of  this  village,  in  which  at  a  depth  of  2,667  feet  mineral  water 
was  obtained  in  abundance,  so  that  it  is  known  as  the  Bittern  well. 
The  mouth  of  the  well  is  located  3,200  feet  north  of  east  of  the  Power 
House  and  85  feet  higher  than  the  level  of  the  square  in  front  of  this  hotel, 
which  makes  its  elevation  above  sea  level  about  1,030  feet.  In  a  small 
run  near  the  well  are  bluish-gray  sandstones  and  shales,  which  are 
fossiliferous,  and  probably  belong  in  the  Venango  oil  sand  group  of 
Dr.  White.  It  may  be  stated  that  immediately  beneath  the  Cussewago 
sandstone  Dr.  White  gave  the  Riceville  shales  with  a  thickness  of  80 
feet,  directly  beneath  which  is  the  Venango  oil  sand  group.  The  Venango 
upper  sand  according  to  Dr.  White  contains  Spirifer  disjunctus  and  other 
fossils  which  he  "considered  good  Chemung  types."1  Spirifer  dis- 
junctus has  been  used  by  Prof.  Henry  S.  Williams  to  designate  the  fauna 
of  the  Chemung  formation2  and  recently  he  has  stated  that  (< Spirifer 
disjunctus  has  been  generally  regarded  as  one  of  the  most  characteristic 


'Ibid.,  p.  102. 

'Bull.  U.  S.  Geol.  Survey,  No.  210,  1903,  pp.  50,  83.. 
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Chemung  species."1  Professor  Schuchert  lists  this  species  as  only 
from  the  Chemung,2  while  numerous  other  geologists  consider  it  as  charac- 
teristic of  the  Chemung  formation,  so  that  it  appears  fairly  safe  to  cor- 
relate these  rocks  with  the  New  York  Chemung. 

It  must  be  remembered,  however,  that  Dr.  John  M.  Clarke  reports 
Spirifer  disjunctus  above  the  Wolf  Creek  conglomerate,3  a  lentil  in  the 
Cattaraugus  beds  of  southwestern  New  York,  which  he  considered 
the  basal  stage  of  the  Paleocarbonic  of  that  State.4  Mr.  Charles  Butts 
in  his  article  on  the  "Fossil  faunas  of  the  Olean  [New  York]  quadrangle" 
lists  Spirifer  disjunctus  from  the  Cattaraugus  formation,  which  he 
puts  in  the  Devono-Carbonic,5  and  also  from  the  super jacent  Oswayo 
formation  which  he  called  Subcarbonic.6  Finally,  Dr.  Clarke  in  dis- 
cussing the  "Construction  of  the  Olean  rock  section,"  and  in  support 
of  "placing  the  dividing  line  between  the  Devonian  and  Carboniferous 
at  the  base  of  the  Cattaraugus  beds,"  wrote  as  follows:  "It  matters 
little  if  among  the  superstitial  species  one  remains  so  characteristic 
everywhere  of  the  later  Devonic  as  Spirifer  disjunctus, 
for  not  alone  in  New  York  does  this  species  transcend  the  limit  of  the 
Devonic  and  enter  the  Carbonic."7 

The  Cattaraugus  beds  are  given  as  the  basal  formation  of  the 
Mississippian  group  of  the  Carbonic  system  by  Mr.  C.  A.  Hartnagel  in 
the  last  edition  of  Handbook  19  of  the  New  York  State  Museum.8 

The  Venango  oil  sand  group  is  mapped  as  extending  1J  miles 
on  each  side  of  Conneaut  Creek  at  Conneautville,  so  that  it  appears 
safe  to  state  that  the  Bittern  well  began  in  the  Venango  oil  sand  group, 
which  is  of  Chemung  age.  A  partial  set  of  samples  of  the  drillings 
was  saved  by  Mr.  Wm.  A.  Hammon,  of  Conneautville,  which  he  kindly 
permitted  the  writer  to  study.  Samples  from  this  well  were  also  studied 
by  Prof.  Charles  F.  Mabery,  of  Case  School  of  Applied  Science,  who 
gave  particular  attention  to  the  mineral  water  obtained  from  the  bottom 
of  this  well.  The  following  record  is  based  upon  the  samples  examined 
by  the  writer  together  with  some  information  furnished  by  Mr.  Hammon. 

Record  of  Conneautville  Bittern  Well. 

Depth. 

Feet.  Description   of  Sample. 

Light  shale. 

350.     Light  gas  vein  and  lower  oil  and  gas. 
525.    Heavy  gas  vein. 
750.     Dark  shale. 


'Ibid.,  Folio  169,  Field  Edition,  1909,  p.  81. 

'Ibid.,  No.  87.  1897,  p.  387. 

»N.  Y.  State  Mus.,  Bull.  52,  1902,  p.  526. 

4Ibid.,  Handbook  19,  1903,  p.  8.     In  the  April,  1912,  edition  see  Table  I  and  p.  87. 

5Ibid.,  Bull.  69,  1903,  pp.  993,  994. 

6Ibid.,  pp.  994,  995. 

7Ibid.,  p.  999. 

8Loc.  cit.,  April  1912,  Table  I  and  p.  87. 
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Depth. 
Feet.  Description   of   Sample. 

1150-1340.     Very  dark  shale. 

1350.     Very  dark  gray  to  black  shale.     Some  of  the  chips  are 
rather  black,  but  have  white  streak. 
Hard,  gritty  shale. 
(First  sample  examined  by  writer.) 
1500-1640.     Reported  as  dark  shale. 

1715.     Sample  a  mixture  of  greenish  and  blackish  shale.     Some  of 

the  chips  have  a  brownish  streak. 
1900-2052.     Reported  as  dark  shale. 
2052-2200.     Reported  as  first  sand. 
2500.     Reported  as  black  slate. 

2337.     Sample  composed  entirely  of  black  shale,  which  is  hard  and 
gritty,   with  decidedly  brownish   streak. 
Marcellus  shale. 

2352  and  2357.  Light  gray  limestone,  which  effervesces  strongly  in  cold 
HC1.  Mr.  Hammon  thinks  traces  of  limestone  were 
noted  at  2340.  Onondaga  limestone. 

2395.  Somewhat  darker  gray  limestone,  effervescing  strongly 
in  cold  HC1,  which  contains  small  fossils.  Drillers 
reported  Trenton  rock  at  2365  feet. 

2420-2430.  Sample  of  dark  gray,  compact  limestone,  which  effervesces 
strongly  in  cold  HC1.  At  2435  drillers  reported  Tren- 
ton rock  with  shells. 

2500.  Sample  composed  of  very  dark  gray  to  almost  blackish 
limestone,  which  effervesces  strongly  in  cold  HC1. 
(This  on  Professor  Mabery's  diagram  is  called  a  "Sand 
rock";  but  it  is  clearly  a  limestone,  only  somewhat 
hard.) 
2667.  Reported  as  very  white  sand  with  bittern  water. 

The  following  account  of  this  well  which  was  published  by  Pro- 
fessor Mabery,  was  given  to  the  writer  by  Mr.  Hammon. 

"In  the  study  of  mineral  waters,  I  have  given  particular  attention 
to  the  water  from  a  deep  well  at  Conneautville,  Pa. 

"While  drilling  a  test  well  for  oil  or  gas,  this  brine  was  struck  at  a 
depth  of  2,667  feet.  The  water  apparently  shot  up  with  great  force, 
sufficient  to  raise  the  drilling  tools  a  considerable  distance  and  prevent 
any  further  drilling.  The  water  rose  to  a  height  of  about  1,800  feet 
in  the  well  and  at  that  point  the  level  remained  practically  unchanged, 
notwithstanding  the  efforts  made  to  exhaust  it  by  pumping. 

"  Alt  hough  the  oil  sands  were  below  this;  but  very  little  oil  was  found 
and  this  at  a  depth  of  350  feet  where  a  light  vein  of  gas  was  also  struck. 
From  this  point  to  525  feet  there  were  traces  of  oil  and  gas.  At  525  feet 
a  much  heavier  vein  of  gas  was  reached,  but  the  oil  had  almost  entirely 
disappeared.  From  525  to  750  feet  the  drill  passed  through  a  dark 
slate.  Then  a  very  dark  shale  was  reached,  which  continued  until 
1,340  feet,  when  a  dark  slate  in  granular  form  made  its  appearance 
continuing  to  1,640  feet.  From  1,640  to  2,052  dark  slate  and  shale. 
At  2,200  the  first  sand  was  reached  and  at  2,300  a  black  slate.  At 
2,365  Trenton  rock  was  struck,  which,  at  2,392  feet,  became  very  hard 
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and  close  [grained].  For  the  next  48  feet  drilling  was  through  solid 
rock  containing  shells.  At  2,435  sand  rock  was  struck  which  con- 
tinued to  2,500,  where  a  very  white  sand  was  reached.  This  sand  con- 
tinued until  the  bittern  water  was  struck  at  a  depth  of  2,667  feet." 

The  geological  part  of  the  above  account  is  not  altogether  reliable, 
for,  as  has  been  already  stated,  an  examination  of  the  sample  from  a 
depth  of  2,500  feet  showed  it  to  consist  of  limestone  chips  instead 
of  a  "very  white  sand."  At  a  depth  of  2,352  feet,  or  thereabouts,  a 
thick  limestone  was  reached  which  is  the  Onondaga  of  New  York.  The 
statement  that  Trenton  rock  was  reached  at  2,365  feet  is  obviously 
an  error,  and  one  that  is  frequently  made  by  drillers  and  others 
in  their  reports  of  wells  beginning  in  the  upper  or  middle  Devonian. 
In  all  these  wells  the  first  thick  limestone  reached  is  the  Devonian,  the 
Delaware  in  Ohio  and  the  Onondaga  farther  east.  So  far  as  the  writer 
is  aware  the  nearest  well  to  the  one  at  Conneautville  in  which  the  Trenton 
limestone  was  reached  is  the  Presque  Isle  well  at  Erie,  Pennsylvania. 
The  mouth  of  the  Erie  well  is  nearly  30  miles  to  the  northeast  of  the  one 
at  Conneautville,  and  is  some  450  feet  lower,  so  that  the  Onondaga 
limestone  was  reached  in  it  at  a  depth  of  1,305  feet  and  the  Trenton  lime- 
stone at  4,280  feet. 

A  well  was  drilled  in  the  western  part  of  Spring  Township  in  1903 
on  the  Powell  Bros,  farm,  about  opposite  Shadeland.  The  mouth  of 
the  well  is  a  few  rods  below  the  Pittsburgh  and  Erie  Railroad  track 
and  18  feet  lower.  The  well  was  drilled  by  Eugene  Coste,  M.  E.,  of 
Toronto,  Canada,  who  furnished  the  following  record: 

Record  of  Shadeland  (Powell  Bros.  Farm)  Well. 
Elevation  above  sea  level  910  feet. 

Thick-       Total 

Formation.  Description  of  rock.  ness.       Depth. 

Feet.         Feet. 

Clay  soil  ______________________  5             5 

Ohio  shales  ____________      Grayish-blue  shales  ___________  1845  1850 

Hamilton  _____________      Limestone  ____________________  100  1950 

Marcellus  _____________      Gray  and  black  shales  _________  135  2085 

Corniferous  [Onondaga],      Gray  and  yellow  limestone  ----  75  2160 

Hard  gray  and  brown  dolomites 


2350 


Gray  shale  ____________________          6        2356 

Gas  was  struck  in  5  or  6  sandy  layers  in  the  Ohio  shales  from  225  to 
650  feet,  about  enough  for  one  boiler.  At  2,335  feet  a  good  show  of 
light  oil  was  struck,  but  immediately  followed  by  a  great  deal  of  salt 
water  which  came  up  in  the  hole  fully  2,000  feet  from  the  bottom. 

At  Buffalo,  New  York,  the  average  thickness  of  the  Onondaga 
limestone,  according  to  Mr.  D.  D.  Luther  is  168  feet,1  and  the  formation 

»N.  Y.  State  Mus.,  Bull.  99,  1906,  p.  13. 
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may  have  decreased  in  thickness  to  the  75  feet  which  Mr.  Coste  allows 
it  in  the  above  record.  The  lowest  196  feet  in  the  well,  which  is  re- 
ferred to  the  Lower  Helderberg,  is  very  probably  of  older  age;  because 
none  of  the  formations  of  the  Helderbergian  series  of  New  York  reaches 
Buffalo,  and  these  lowest  rocks  in  the  well  probably  belong  in  the  Cayu- 
gan  series  of  New  York  or  the  Monroe  of  Ohio  and  Michigan,  which  is 
given  by  Luther  a  thickness  of  about  397  feet  at  Buffalo,  New  York.1 
It  is  only  just  to  Mr.  Coste,  however,  to  state  in  this  connection  that  until 
recent  years  the  rocks  of  similar  position  have  been  called  the  Lower 
Helderberg  in  the  Ohio  Geological  Reports. 

Another  well  was  drilled  by  Mr.  Coste  on  the  Frank  A.  Boyce 
farm  in  Beaver  Township,  about  If  miles  west  of  the  Shadeland  well 
and  about  5  miles  east  of  the  State  line.  The  mouth  of  the  well  is  75 
feet  higher  than  that  of  the  Shadeland  according  to  one  reading  of  the 
barometer.  This,  however,  is  not  in  agreement  with  the  records  fur- 
nished by  Mr.  Coste,  which  gave  a  difference  of  135  feet.  It  might  be 
stated,  however,  that  an  elevation  of  about  948  feet  instead  of  910 
feet  was  obtained  for  the  Shadeland  well,  and  if  75  feet  is  added  to  this 
the  elevation  will  be  about  1,023  feet,  or  22  feet  less  than  that  assigned 
by  Mr.  Coste.  The  writer  is  indebted  to  Mr.  Coste  for  the  following 
record  of  the  Boyce  well: 

Record  of  Boyce  Well  in  Beaver   Township. 

Thick-      Total 

Formation.  Description  of  rock.  ness.       Depth. 

Feet.         Feet. 

Clay  soil 5  5 

Ohio  shales 1920        1925 

Hamilton  limestone  and 
Marcellus  black 

shale . 175        2100 

Corniferous  [Onondaga] 
and  Lower  Helder- 
berg limestone  and 

flint 260        2360 

Sylvania  (?) White  sandstone.    Some  gas  and 

large  quantity  of  salt  water        15        2375 
Hard  limestone.    Sulphur  water 

in  quantity  at  2435  feet 335        2710 

Salt,  30  feet  in  thickness 30       2740 

Dark  limestone  and  a  little  salt 

water 15        2755 

Shale 80       2835 

Dark   and   light   colored   lime- 

stone__. 25        2860 

Salt  10        2870 

Dark  limestone  5        2875 

Salt   30        2905 

Dark  limestone  _  4        2909 


Ibid.,  pp.  8-10. 


Description  of  rock. 

,nd  limestone  mixed  _  _ 

Thick- 
ness. 
Feet. 

15 

Total 
Depth. 
Feet. 

2924 

4 

2928 

10 

2938 
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Formation. 

k 

Shale 

Salt 

Dark  and  light  colored  lime- 
stone. Gas  at  3144  feet, 
salt  water  at  3148,  and  a 
large  quantity  of  it  at  3183 
feet,  which  is  given  as  prob- 
ably in  the  Clinton 245  3183 

In  the  above  record  the  deposits  until  the  base  of  the  salt  is  reached 
at  a  depth  of  2,938  feet  must  belong  in  the  Salina  formation  of  the 
Cayugan  series.  Below  that  is  245  feet  of  dark  and  light  colored  lime- 
stone, which  may  perhaps  belong  in  the  Niagaran  series.  According 
to  Professor  Grabau  the  combined  thickness  of  the  Lockport  limestone 
and  Rochester  shale  at  Buffalo  in  the  Niagara  region  is  from  270  to 
327  feet,  and,  if  this  be  true,  it  is  possible  that  this  well  may  have  reached 
the  Clinton  formation.1  This  identification  is  corroborated  by  the  record 
of  the  Erie,  Pa.,  well,  in  which  the  thickness  of  the  interval  from  the  top 
of  the  Onondaga  limestone  down  to  the  top  of  what  was  thought  to 
be  Niagaran  is  745  feet,  while  in  the  above  record  from  the  top  of  the 
Onondaga  limestone  down  to  the  base  of  the  salt  is  838  feet.  Again 
in  the  Erie  well  it  is  only  315  feet  from  the  top  of  the  so-called  Niagaran 
down  to  the  top  of  the  Medina  sandstone.  The  most  interesting  eco- 
nomic fact  in  connection  with  the  record  of  the  Boyce  well  is  the  rock 
salt  struck  at  a  depth  of  2,710  feet  with  a  thickness  of  30  feet  in  the  first 
stratum  and  three  lower  ones  with  a  thickness  respectively  of  10,  30 
and  10  feet,  making  a  total  thickness  of  80  feet  of  rock  salt  in  the  four 
strata.  In  addition  another  stratum  of  15  feet  thickness  was  reported 
as  salt  and  limestone  mixed.  The  depth  at  which  this  salt  was  struck, 
2,710  feet,  and  the  lowest  stratum  at  2,938,  would  be  against  its  de- 
velopment; but  in  case  it  became  desirable  to  locate  salt  plants  in  this 
region  wells  might  be  located  in  the  valleys  farther  north,  which  would 
probably  reach  the  salt  at  a  more  favorable  depth. 

Eric,  Pa*,  Well  Record* — In  the  above  account  of  the  Conneaut- 
ville  well,  reference  is  made  to  the  deep  Presque  Isle  well  at  Erie,  Pa., 
and  since  this  record  has  never  been  published  in  a  permanent  way 
it  is  believed  appropriate  to  give  it  in  this  connection.  This  well  is 
located  near  the  shore  of  Lake  Erie,  was  drilled  during  the  years  of 
1887  and  1888,  and  samples  of  the  drillings  with  their  depths  were  fur- 
nished the  writer  by  Mr.  Geo.  Carroll,  treasurer  of  the  Presque  Isle 
Natural  Gas  Co.,  and  Prof.  G.  Guttenberg,  of  the  Erie  High  School. 
A  partial  account  of  the  upper  1,750  feet  of  the  well  was  published  in 


'Bull.  N.  Y.  State  Mus.,  No.  45,  1901,  p.  21. 
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the  Erie  Morning  Dispatch  of  December  24,  1887,  and  a  later  one  giving 
a  similar  account  to  a  depth  of  4,000  feet,  both  of  which  were  written 
by  Prof.  G.  Guttenberg. 

Presque    Isle    Well    at    Erie. 


Mouth  of  well  about  580  feet  above  sea  level. 


Depth 
No.        of 

sample. 
Feet. 


1.         60. 


2.  700. 

3.  1160. 


4.      1195. 


5.      1300. 


6.      1311. 


7.     1330. 


8.      1460. 


9.      1565. 


10.      1600. 


Description  of  sample. 

Soil  and  drift  

Bluish-olive,  clay  shale.    A  few  light  gray, ' 
fine-grained,    micaceous    sandy    chips, 
non-calcareous  

Blue,  clay  shale,  non-calcareous 

Light  gray  limestone,  quick  and  strong 
effervescence  in  HC1.  Top  at  1110 
feet,  base  at  1190.  (G.G.) 

Dark  gray  or  bluish-gray  shale,  which  is 
very  calcareous,  effervesces  strongly 
at  first,  but  effervescence  does  not 
last  long.  Composition  largely  clay, 
no  sand.  Chips  rather  large.  Bottom 
at  1280  feet.  (G.G.) 

A  very  black  shale,  which  gives  a  brown 
streak,  just  a  trifle  calcareous  and  al- 
most entirely  argillaceous.  Bottom 
1305  feet.  Marcellus  shale.  (G.G.)__._ 

Dark  gray  limestone,  which  effervesces 
strongly  in  HC1.  Some  of  the  chips 
are  rather  large  and  contain  fragments 
of  fossils.  One  plicated  shell  which 
has  strongly  punctate  structure  likfe 
interior  of  Orthis.  Zone  from  1305  to 
1325  feet,  called  marl  by  Professor 
Guttenberg 

Rather  light  gray  limestone  (not  so  dark 
as  No.  6,  and  chips  finer),  which  effer- 
vesces strongly  in  HC1  

Dark  gray  to  blue  limestone.  Some  of 
the  chips  are  rather  large.  Efferves- 
cence strong  in  HC1.  Clearly  Onon- 
daga  limestone 

Most  of  the  chips  are  light  gray.  Can  not 
scratch  them,  and  they  appear  to  be 
chert.  A  few  bll^e  ones  which  can  be 
scratched,  bu,t  are  only  slightly  calca- 
reous. Possible  base  of  Onondaga 
limestone 

Drab  limestone,  which  effervesces  slowly 
in  cold  HC1,  but  upon  heating,  the 
effervescence  becomes  strong.  Mag- 
nesian  limestone.  Chips  rather  large. 


Thickness     Total 

of  zone.      depth. 

Feet.  Feet. 


1105        1110 


80        1190 


90        1280 


25        1305 


20        1325 


135        1460 


105        1565 
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Depth 
No.        of 

sample. 
Feet. 


11.      1605. 


12.      1640. 


13.      1650. 


14.      1700. 


15.  1750. 

16.  1750. 

17.  1775. 

18.  1780. 

19.  1790. 

20.  1805. 


21. 

22.      1820. 


23.      1840. 


Description  of  sample. 

"1600  feet  bottom  of  hard  limestone." 
(G.G.)  Perhaps  base  01  Bertie 
waterlime 

Brown  magnesian  limestone.  It  effer- 
vesces slowly  in  cold  HC1,  but  much 
more  rapidly  when  heated.  There  are 
some  light  colored,  sharp  grains,  which 
effervesce  very  slightly  in  cold  HCL, 
but  disappear  on  heating 

Chips  in  general  like  those  of  No.  11,  but 
very  badly  iron-stained.  Efferves- 
cence slight  in  cold  HC1,  but  becomes 
very  strong  on  heating  

Very  dark  gray  or  drab  in  color.  Efferves- 
cence slow  in  cold  HC1,  but  strong  when 
warmed.  Chips  finer  than  those  of 
Nos.  11  and  12 

Chips  fine  and  very  dark  gray  to  blue  in 
color.  Effervescence  slow  in  cold  HC1, 
which  is  increased  by  heating,  but  does 
not  become  so  strong  as  in  Nos.  11,  12 
and  13.  It  is  apparently  more  shaly 
and  argillaceous.  (Marl  and  gypsum  for 
115  feet  from  1700  to  1815,  G.G.) 

Dark  gray  to  blue  chips,  which  effervesce 
slowly  in  cold  HCL  Chips  finer  than 
those  of  No.  14 

Sediment  from  salt  water,  composed  of 
CaCO3andCaS04+2H2O.  (Gypsum.) 

Very  dark  gray  to  blue  fine  chips  of  magne- 
sian limestone.  Effervescence  slow  in 
cold  HC1,  but  becomes  strong  when 
heated  

Very  dark  drab  to  brown  fine  chips,  which 
effervesce  slowly  in  cold  HC1,  but 
strongly  when  heated 

Very  dark  gray,  fine  chips,  which  effer- 
vesce slowly  in  cold  HC1,  and  strongly 
when  heated., 

Gray  or  drab  magnesian  limestone,  with 
very  fine  chips,  which  effervesce  slowly 
in  cold  HC1  and  strongly  when  heated. 

Ditto 

Light  gray  to  drab  limestone,  chips  rather 
coarser  than  in  preceding  sample,  which 
effervesce  rather  readily  in  cold  HCL 
(There  is  no  sand  in  Nos.  20  and  22  as 
reported  by  G.G.) 

Very  dark  gray,  really  blue,  limestone, 
some  of  the  chips  rather  large,  which 
effervesces  moderately  in  cold  HC1 
and  more  strongly  on  heating 


Thickness    Total 

of  zone,      depth. 

Feet.          Feet. 


35        1600 


450        2050 
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Depth 
No.       of 

sample. 
Feet. 

24.      1860. 


25.     2020. 


26.     2050. 


27.     2100. 


28.     2150. 


29.      2175. 


.     2200. 


31.  2230. 

32.  2300. 


33.     2365. 


54.      2460. 


Description  of  sample. 

Mainly  drab  chips,  some  of  them  blue,  in 
part  of  fairly  good  size.  Rather  strong 
effervescence  in  cold  HC1,  which  in- 
creases after  being  in  the  acid  a  short 
time  and  becomes  strong 

A  blue  marl  or  shale,  which  effervesces 
slowly  in  cold  HC1  and  apparently  con- 
tains a  considerable  percentage  of  ar- 
gillaceous material 

Very  dark  gray  to  blue  limestone,  which 
effervesces  slowly  in  cold  HC1  and 
much  more  strongly  when  heated.  It 
contains  a  good  many  impurities.  In 
some  characters  resembles  the  Lock- 
port  limestone 

Dark  gray,  bluish-gray  and  blue  chips  of 
rather  impure  limestone.  Effervesces 
slowly  in  cold  HC1.  The  sample  is 
about  the  same  as  No.  26,  only  chips 
slightly  larger  

Dark  gray  and  blue  limestone;  most  of  the 
chips  are  fine;  effervesces  slowly  in 
cold  HC1,  more  strongly  after  a  short 
time _. 

Dark  blue,  very  compact  limestone,  which 
effervesces  very  slowly  at  first  in  cold 
HC1,  but  increases  after  a  short  time. 
Part  of  chips  large  and  with  sharp 
edges.  Typical  Lockport  limestone 

Brownis-h,  very  fine  grains,  which  when  ex- 
amine^ singly,  appear  to  be  almost 
white.  Effervesces  very  slowly  in  cold 
HC1,  but  upon  heating  it  becomes 
strong  and  very  little  residue  is  left 

Almost  precisely  the  same  as  No.  30 

Similar  to  Nos.  30  and  31.  Effervesces 
slowly  in  cold  HC1,  but  after  heating 
there  is  very  little  residue.  A  mag- 
nesian  limestone.  (Below  is  fossilif- 
erous  shale.  No  sample  from  between 
2330  and  2365.  G.G.) 

Nearly  all  very  coarse,  dark  red  to  ctiocolate 
colored  chips,  which  are  mainly  finely 
arenaceous,  but  a  few  are  apparently 
argillaceous.  Also  a  few  arenaceous, 
greenish  chips.  There  is  a  slow  effer- 
vescence in  cold  HC1,  which  is  in- 
creased considerably  for  some  time  by 
heating,  but  a  large  residue  is  left. 
(Bottom  of  this  zone  at  2455,  making 
90  feet.  G.G.)  Upper  Medina 

Very  fine  grains  of  quartz  sand,  color  of 


Thickness    Total 

of  zone,      depth. 

Feet.          Feet. 


250       2300 


65        2365 


90        2455 
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Depth 

No.        of 

sample. 
Feet. 


Description  of  sample. 


Thickness    Total 

of  zone,      depth. 

Feet.          Feet. 


whole  brownish-red  (probably  due  to 
iron  rust)  but  separate  grains  appear  to 
be  white.  (Was  white  at  first,  G.G.) 
No  effervescence  when  heated  in  HCL 
(Slight  showing  of  gas.  Bottom  of 
zone  at  2530,  giving  a  thickness  of  75 
feet  for  it.  G.G.)  Gray  Medina 

35.  2540.    Mainly  blue,   argillaceous  shale,   with  an 

occasional  chip  of  very  fine-grained, 
light  gray  to  greenish-gray  sandstone. 
(Bottom  at  2600  feet,  making  zone  70 
feet  thick.  Shale  with  some  sand. 
G.G.) 

36.  2800.    Very  dark  red  to  reddish-brown,   argilla-^ 

ceous  shale.  There  is  a  little  fine  sand, 
but  it  is  not  gritty  to  any  extent.  Non- 
calcareous.  Contains  a  few  chips  of 
greenish-gray  sandstone.  (This  zone 
commences  at  2600  and  continues  to 
3384  feet,  giving  a  thickness  of  784 
feet.  G.G.) 

37.  2960.     Color  same  as  No.  36.     Part  of  the  chips 

are  clearly  argillaceous  shale,  but  a 
portion  are  arenaceous,  the  grains  very 
fine  and  compact.  More  of  the  green- 
ish-gray sandstone  than  in  No.  36 

38.  3340.    Color  about  the  same  as  Nos.  36  and  37. 

Part  argillaceous  shale  and  part  are- 
naceous, with'  very  fine  grains  of  sand 
which  are  closely  cemented.  Slightly 
calcareous 

39.  3385.     Two-thirds  of  sample  red,  arenaceous  and 

argillaceous  shale  like  Nos.  36-38; 
one-third  greenish,  somewhat  arena- 
ceous shale.  The  grit  is  very  fine  and 
part  of  the  shale  is  very  argillaceous. 
Change  in  this  sample  from  the  Medina 
to  the  Lorraine  (?)  and  the  bottom  of 
the  Medina  is  reached  at  about  3384 
feet 

40.  3395.'   Greenish-gray  shale,  most  of  which  is  some- 

what arenaceous;  but  some  of  the  chips 
are  pure  clay  shale.  Slightly  calca- 
reous. Some  red  chips.  Lorraine 

41.  3780.     Blue,  argillaceous  shale,  which  is  not  sandy 

and  is  calcareous,  so  that  it  effervesces 
freely  in  cold  HC1.  (Gray  shale  from 
3385  to  3900  feet,  making  its  thickness 
515  feet.  G.G.) 

42.  3930.    Dark  blue  shale  which  is  argillaceous,  with 

an  occasional  arenaceous  chip,  and 
also  some  that  are  mainly  limestone. 


75        2530 


70        2600 


784        3384 


896        4280 
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No. 


Depth 

of 
sample. 

Feet. 


Description  of  sample. 


Thickness 
of  zone. 
Feet. 


Total 
depth. 
Feet. 


4080. 


170        4450 


Fragments  of  plicated  fossils.     (Dark 

gray  shale  from  3900  feet  to  at  least 

4020  feet,  making  its  thickness  at  least 

120  feet.    G.G.) 

From  4080  feet  for  an  additional  depth  of 

200  feet  a  dark  shale  was  reported  by 

Professor  Guttenberg J 

4280.     Dark,  hard  rock  was  reported,  the  chips  of  1 

which  indicate  an  impure,  fossiliferous 

limestone.     The  writer's  samples  from 

below  3930  feet  have  been  mislaid;  but 

at  the  time  of  examination  in  Novem- 
ber, 1888,  it  was  recorded  that  the  top 

of  the  Trenton  limestone  was  reached 

at  4280  feet,  which  is  believed  to  be 

correct  

4350.     Rock  was  reported  as  drab  colored,   hard, 

fossiliferous     limestone,     which     con- 
tained 86  per  cent  CaCOs 

4450.     Bottom  of  well,  which  was  reported  as  still 

in  the  Trenton  limestone 

The  depth  of  the  Erie  well  makes  its  record  an  important  one  for 
geologists,  and  it  is  to  be  regretted  that  the  writer  was  unable  to  obtain 
a  more  complete  set  of  samples  of  some  parts  of  the  well  for  examination. 
However,  in  spite  of  the  uncertainty  about  the  line  of  division  between 
certain  formations  it  is  believed  that  this  record  is  a  most  valuable 
one  for  those  interested  in  the  geology  of  northwestern  Pennsylvania 
and  northeastern  Ohio. 

The  upper  rocks  of  this  well  are  in  the  Portage  flags,  according  to 
Dr.  White's  report  and  geological  map  of  Erie  County.1  In  this  report 
the  Portage  flags  are  described  as  overlain  by  the  Girard  shale  of  Dr. 
White,  which  in  turn  is  succeeded  by  the  Chemung  formation.  Later 
investigations  conducted  by  Dr.  John  M.  Clarke  in  southwestern  New 
York  and  Erie  County,  Pa.,  led  him  to  state  that  "the  Portage,  it 
has  now  been  made  evident,  does  not  there  [Erie  County,  Pa.l  exist, 
and  the  faunistic  value  of  the  Girard  shales  is  a  matter  for  further 
study."2  The  distribution  of  the  Portage  division  in  western  New  York 
is  shown  on  the  accompanying  "Stratigraphic  map"3  by  Dr.  Clarke 
and  Mr.  Luther,  where  its  top  is  represented  as  extending  along  the  shore 
of  Lake  Erie  to  only  a  short  distance  to  the  west  of  Westfield.  This 
was  also  essentially  the  limit  of  the  Portage  formation  as  represented 
on  the  "Geological  Map  of  New  York"  of  1901,  where  the  top  of  this 
-ormation  passed  beneath  the  lake  level  in  the  northeastern  part  of 

Second  Geol.  Surv.  Pa.,  Q4,  p.  119  and  sheet  1,  Geological  Map  of  Crawford  and 
Erie  Counties. 

*N.  Y.  State  Mus.,  Bull.  69,  1903,  p.  853. 

3This  map  also  appears  in  ibid.,  Mem,  6,  pt.  2,  1904,  op.  p.  199. 

28— G.  B.  15. 
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Ripley  Township  (the  last  one  in  New  York)  about  half  way  between 
the  villages  of  Ripley  and  Westfield.  And  again  Dr  Clarke  stated  that 
"the  'Portage'  and  'Girard  shales'  of  Erie  County,  Pennsylvania, 
are  later  than  Portage  time."1  Finally,  Mr.  Luther  told  the  writer 
in  March,  1907,  that  he  had  collected  Chemung  fossils  in  Ripley  ?  which 
is  on  the  New  York-Pennsylvania  line,  down  to  the  level  of  Lake  Erie. 
He  had  also  collected  Chemung  Brachiopods  in  the  glen  near  the  lake 
at  Northeast,  which  is  in  the  northeastern  part  of  Erie  County,  Pennsyl- 
vania, as  he  had  published  in  1903. 2 

At  a  depth  of  1,110  feet  a  light  gray  limestone  was  reached  which 
is  thought  to  be  in  the  Hamilton  formation.  The  25  feet  of  very  black 
shale,  the  base  of  which  was  reached  at  a  depth  of  1,305  feet,  appears  to  be 
undoubtedly  the  Marcellus  shale.  There  may  be  a  question  whether 
the  20  feet  of  dark-gray  limestone  from  1,305  to  1,325  feet,  which  Pro- 
fessor Guttenberg  called  marl,  is  in  the  Onondaga  limestone.  It  may 
perhaps  represent  the  eastern  continuation  of  a  more  impure  super- 
jacent  limestone,  the  surface  exposures  of  which  in  Ohio  are  known 
as  the  Delaware  limestone.  It  appears  certain,  however,  that  the  light 
gray  limestone  of  the  sample  from  a  depth  of  1,330  feet  is  in  the  Ononda- 
ga. This  zone  is  reported  to  have  been  reached  at  1,325  feet,  and  the 
sample  from  1,460  feet  is  also  that  from  a  limestone  composed  largely 
of  CaCOs.  The  average  thickness  of  the  Onondaga  limestone  in  the 
wells  in  the  vicinity  of  Buffalo  is  given  as  168  feet  by  Mr.  Luther,8 
and  if  the  20  feet  of  dark  limestone  be  added  to  the  subjacent  135  feet 
it  will  give  at  least  155  feet  of  the  Onondaga  limestone  in  this  well. 
H.  P.  H.  Brumell  of  the  Geological  Survey  of  Canada  gave  the  thickness 
of  the  Corniferous  (Onondaga)  limestone  in  southern  Ontario  as  varying 
from  160  to  300  feet.4  It  is  not  improbable,  however,  that'  the  sample 
from  1,565  feet,  which  is  apparently  composed  mainly  of  chert,  is  also 
still  in  the  Onondaga,  since  chert  in  large  quantity  is  of  rather  infrequent 
occurrence  in  the  lower  magnesian  limestones.  If  this  chert  zone 
belongs  in  the  Onondaga  limestone,  then  the  thickness  of  the  formation 
in  this  well  ranges  from  240  to  260  feet.  The  sample  of  drab  mag- 
nesian limestone  from  a  depth  of  1,600  feet  is  reported  to  be  the  base 
of  hard  limestone,  and  that  horizon  may  represent  the  base  of  the 
Bertie  waterlime  of  the  upper  Salina,  which  Mr.  Luther  gives  as  53 
feet  thick  at  North  Buffalo.5  There  is  some  evidence  tending  to  show 
the  presence  of  the  Cobleskill  limestone  on  Kelleys  Island,  which  directly 
overlies  the  Bertie  limestone  at  Buffalo  with  a  thickness  of  from  7  to 
9  feet,  and  consequently  it  may  be  represented  in  the  Erie  well.  The 


iBull.  Geol.  Soc.  America,  Vol.  XIV,  1904,  p.  536. 
«N.  Y.  State  Mus.,  Bull.  69,  p.  1028. 


3N.  Y.  State  Mus.,  Bull.  99,  1906,  p.  13. 
4Bull.  Geol.  Soc.  America,  Vol.  IV,  1893,  p.  227;  and  Ann.  Kept.  Geol.  Survey 
Canada  (N.  S.),  Vol.  V,  pt.  2,  1893,  Kept.  Q,  p.  5. 
6N.  Y.  State  Mus.,  Bull.  99,  p.  9. 
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sample  of  blue  marl  or  shale  from  a  depth  of  2,020  feet  appears 
to  belong  in  the  Salina  formation,  which  probably  extends  to  a  depth 
of  2,050  feet.  This  gives  a  thickness  of  from  470  to  585  feet  for  the 
Cobleskill  and  Salina  formations.  In  the  Buffalo  region  the  thickness 
for  these  same  formations  amounts  to  398  feet,  and  from  the  top  of  the 
Onondaga  limestone  down  to  the  base  of  the  Salina  is  566  feet;  while  in 
the  Erie  well  it  is  apparently  745  feet.  The  Lower  Helderberg  lime- 
stones which  appear  in  the  older  records  of  wells  in  Ontario  and  Ohio 
are  not  listed  in  the  Erie  well,  because  it  has  been  shown  in  recent 
years  that  the  formations  of  this  series,  which  are  typically  developed  in 
the  Helderberg  Mountains  of  eastern  New  York,  do  not  extend  as  far  west 
as  Buffalo.  It  is  a  question  whether  the  Guelph  limestone  which  overlies 
the  Lockport  limestone  in  Ontario  with  a  thickness  of  from  140  to  160 
feet1  occurs  in  the  Erie  well  but  its  stratigraphic  position  is  indicated 
in  the  following  diagrammatic  section  of  this  well.  Apparently  the 
Guelph  and  Lockport  limestones  extend  from  2,050  feet  to  2,300  feet, 
with  a  thickness  of  250  feet.  In  Ontario  these  two  limestones  are 
reported  by  Mr.  Brumell  to  have  a  thickness  of  240  feet  in  a  well  in 
Bertie  Township,2  which  is  the  one  bordering  Lake  Erie  just  west 
of  the  Niagara  River  and  Buffalo;  while  in  the  one  at  Port  Colborne, 
which  is  farther  west  at  the  Lake  Erie  end  of  the  Welland 
Canal  and  about  north  of  Fredonia,  New  York,  they  are  listed  as  218 
feet  thick,3  but  apparently  at  least  some  of  the  Rochester  shale  is  also 
included  in  this  interval.  Below  this  limestone  in  the  Erie  well  Pro- 
fessor Guttenberg  reported  fossiliferous  shale,  while  the  red  rocks  of 
the  Medina  formation  were  reached  at  a  depth  of  2,365  feet.  Apparently 
in  that  interval  of  65  feet  is  the  Rochester  shale  and  Clinton  formation, 
samples  of  which  were  not  seen  by  the  writer.  In  the  Bertie  well, 
cited  above,  the  Niagara  (Rochester)  shale  and  Clinton  formation  are 
80  feet  in  thickness.  From  the  top  of  the  red  rocks  at  a  depth  of  2,365 
to  their  bottom  at  3,384  feet  is  1,019  feet,  all  of  which  apparently  be- 
longs in  the  Medina  formation.  In  this  connection  Medina  is  used  in  the 
old  sense  and  not  with  the  restricted  limit  proposed  by  Professors  Grabau4 
and  Chadwick.5  For  the  lower  red  Medina  shales  Professor  Grabau 
proposed  the  name  of  Queenstown  beds,6  and  Professor  Chadwick  re- 
vived the  early  name  of  Lewiston  shale.7  The  Medina  formation  on 
the  Niagara  River  is  given  a  thickness  of  1,266  ±  feet  by  Grabau,8  and 
in  the  Port  Colborne  well  Brumell  refers  770  feet  to  this  formation.  In 


'Ann.  Kept.  Geol.  Survey  Canada  (N.  S.),  Vol.  V,  pt.  2,  Rept.  Q,  p.  5. 
'Ibid.,  p.  37. 
3Ibid.,  p.  34. 

'Science,  N.  S.,  Vol.  XXXVII,  April  17,  1908,  p.  623  and  ibid.,  Vol.  XXIX,  Feb- 
ruary 26,  1909,  p.  356. 

5Ibid.,  Vol.  XXVIII,  September  11,  1908,  p.  347. 

"Ibid.,  Vol.  XXVII,  p.  622. 

7Ibid.,  Vol.  XXVIII,  p.  347. 

8Bull.  N.  Y.  State  Mas.,  No.  45,  1901,  p.  21. 


420  DEVONIAN  AND  MISSISSIPPIAN 

the  samples  of  a  Port  Colborne  well  which  the  writer  studied  over 
twenty  years  ago,  the  red  sandstone  of  the  Medina  was  struck  at  a  depth 
of  711  feet  which  the  drill  penetrated  to  a  depth  of  1,500  feet  without 
reaching  its  bottom,  giving  a  thickness  of  at  least  789  feet  for  the  Medina 
formation.  The  top  of  the  Lorraine  was  reached  at  a  depth  of  about 
3,384  feet  and  the  top  of  the  Trenton  limestone  at  4,280  feet,  which 
gives  a  tnickness  of  896  feet  for  the  Lorraine  formation  and  Utica  shale 
in  the  Erie  well.  The  lower  200  feet  of  this  interval  was  reported  by 
Professor  Guttenberg  as  a  dark  shale  which  probably  belongs  in  the 
Utica.  Grabau  reported  these  two  formations  as  630  feet  thick  in  the 
Niagara  River  region,1  and  in  the  township  of  the  Brantford  well,  On- 
tario, which  is  about  north  of  Erie,  Brumell  reported  the  Hudson  River 
(Lorraine)  and  Utica  as  980  feet  thick.2  The  Erie  well  according  to  the 
reports  of  Professor  Guttenberg  entered  the  Trenton  limestone  to  a  depth 
of  170  feet,  which  including  the  Black  River  limestone  is  given  a  thickness 
of  from  680  to  720  feet  in  the  Niagara  River  region  by  Grabau,8  and  in  the 
St.  Catharines  well,  Ontario,  which  is  about  north  of  Port  Colborne, 
Brumell  reported  667  feet  when  a  white  quartzose  sandstone  was  struck. 4 

The  well  was  a  failure  so  far  as  commercial  results  were  concerned. 
At  2,455  feet  in  the  gray  Medina  sandstone  a  slight  flow  of  gas  was 
obtained  which  lasted  for  a  few  days.  Salt  water  was  struck  at  1,620 
feet  and  again  at  2,200  feet,  where  there  was  a  strong  flow  and  also  H2S. 

A  condensed  diagrammatic  record  of  the  Erie  well  is  given  in  the 
following  section: 

'Ibid.,  p.  21. 
*Loc.  cit.,  p.  44. 
«Loc.  cit.,  p.  21. 
4Loc.  cit.,  p.  32. 
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Condensed    Record    of    Erie    Well. 
Altitude  about  580  feet  above  sea  level. 
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In  the  above  section  the  line  between  the  Onondaga  and  Coble- 
skill  limestones  (or  if  the  latter  is  absent  then  between  the  Onondaga 
limestone  and  Bertie  waterlime)  is  one  of  the  most  difficult  to  determine. 
It  is  not  at  all  improbable  that  part  or  all  of  the  105-foot  interval  be- 
tween 1,460  and  1,565  feet  belongs  in  the  Cobleskill-Salina  division; 
but  on  account  of  the  chert  at  its  base  it  was  not  included  in  this  latter 
division. 

A  generalized  section  giving  the  thickness  of  the  rocks  along  the 
Ohio-Pennsylvania  State  line  from  the  base  of  the  Sharon  conglomerate 
down  to  the  top  of  the  Trenton  limestone  has  been  prepared.  This 
generalized  section  is  based  upon  the  sections  near  Orangeville  and  on 
Mill  Creek,  in -the  southern  part  of  Kinsman  Township,  for  the  interval 
from  the  Sharon  conglomerate  to  the  Berea  sandstone,  and  upon  the 
Orangeville  well  and  the  section  one-half  mile  north  of  Williamsfield  P.O. 
for  the  thickness  of  the  Berea  formation.  For  the  interval  from  the  Berea 
formation  to  the  Onondaga  limestone  the  well  records  at  Andover 
and  Conneautville  were  used.  The  Andover  well  began  in  the  Berea 
and  reached  the  Onondaga  at  2,500  feet,  and  in  the  Conneautville  well 
the  Onondaga  was  reached  at  2,352,  while  the  interval  from  the  mouth 
of  the  well  to  the  base  of  the  Cussewago  sandstone  was  estimated  from 
barometric  readings  as  110  feet,  which  would  then  make  the  entire 
interval  from  the  Berea  to  the  Onondaga  2,462  feet;  2,460  feet  was 
used  in  the  section.  Finally,  the  interval  from  the  top  of  the  Onondaga 
limestone  to  that  of  the  Trenton  limestone  was  taken  from  the  record 
\>f  the  Erie  well. 
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A  Generalized  Section  from  the  Sharon  Conglomerate  to  the  Trenton  Lime- 
stone along  the  Ohio-Pennsylvania  State  Line. 
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Cherry  Valley  and  Wayne  Townships* — In  Ashtabula  County, 
Ohio,  to  the  west  of  Andover  and  Williamsfield  townships  respectively, 
are  those  of  Cherry  Valley  and  Wayne.  Pymatuning  Creek  flows 
in  a  southerly  direction  across  the  eastern  portion  of  both  townships; 
but  the  higher  ground  to  the  west  of  the  creek  does  not  afford  so  many 
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sections  of  the  underlying  formations  as  are  to  be  found  along  the 
streams  on  the  eastern  side  of  the  Pymatuning. 

A  stream  flows  part  way  across  the  southern  portion  of  Cherry  Val- 
ley Township  and  in  the  northeastern  part  of  Wayne  Township  enters 
Pymatuning  Creek.  Outcrops  of  rocks  occur  on  this  stream  just 
above  and  west  of^  the  highway  bridge  on  the  first  north  and  south 
road  to  the  west  of  the  Lake  Shore  and  Michigan  Southern  Railroad 
(Low  Grade  Cutoff)  and  Pymatuning  Creek  and  on  the  Horace 
Mann  farm.  In  the  summer  of  1910  rocks  were  also  lying  beside  the 
road  which  came  from  excavations  for  the  abutments  of  the  new  bridge. 
Some  of  these  rocks  are  fine-grained  sandstones  and  others  are  soft 
argillaceous  shales,  part  of  which  weather  to  a  slightly  reddish  color. 
In  the  sandstones  or  arenaceous  shales  from  this  excavation  specimens  of 
Spirifer  disjunctus  Sowb.,  Reticularia  prcematura  (Hall)  Schuchert  and 
other  Chemung  fossils  were  collected. 

On  the  southern  bank  of  the  stream  a  short  distance  above  the 
bridge  is  a  ledge,  about  4  feet  of  which  is  fairly  well  shown,  composed 
of  bluish-gray  sandstone,  which  in  general  is  rather  thin-bedded  although 
some  of  the  layers  are  a  little  thicker,  alternating  with  bluish  shales. 
Some  of  the  sandstone  layers,  are  somewhat  calcareous  and  rather  fossil- 
iferous.  The  most  abundant  species  is  Spirifer  disjunctus  Sowb.,  but 
Productella  is  common  and  several  other  species  occur.  This  is  a  Che- 
mung fauna  and  it  occurs  at  this  locality  well  toward  the  top  of  the 
Chagrin  formation.  The  complete  list  of  species  is  as  follows : 

1.  Spirifer  disjunctus  Sowb (a) 

Specimens  from  this  locality  were  compared  with  authentic 
ones  of  this  species  at  Cornell,  and  with  types  in  the  New 
York  State  Museum,  and  there  is  no  question  as  to  their 
identity. 

2.  Camarotcechia  orbicularis  Hall (r) 

Compared  with  types  of  this  species  in  the  New  York  State 
Museum. 

3.  Camarotcechia  stephani  Hall (r) 

The  plications  are  rather  coarser  than  on  specimens  of  corre- 
sponding size  of  C.  eximia  Hall  from  the  Ithaca  formation 
at  Ithaca,  N.  Y.,  in  the  Cornell  Museum,  and  although 
the  Ohio  specimens  are  not  so  elongated,  as  is  generally 
the  case  with  Ithaca  ones  of  C.  stephani,  still  it  is  prob- 
ably better  to  refer  them  to  this  species. 

A  specimen  was  compared  in  the  American  Museum 
with  the  original  of  fig.  10,  pi.  55,  Vol.  IV,  Pal.  N.  Y., 
of  C.  stephani,  from  Cortland  County,  N.  Y.  The  Ohio 
specimen  is  smaller;  but  it  is  very  similar  in  outline.  The 
plications  are  a  little  smaller  than  on  the  type,  as  might 
be  expected  since  the  specimen  is  smaller.  The  Ohio 
form  has  4  strong  plications  in  the  sinus  and  a  less 
conspicuous  one  on  each  side, making  6  in  all  in  the  sinus, 
and  7  on  each  side,  which  makes  20  plications  altogether. 
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The  length  and  width  of  these  two  specimens  are  as 
follows: 

Ohio  specimen.  Cortland,  N.  Y.,  specimen. 

Length 13.6+  mm.  16.4mm. 

Width 14.7        "  13      " 

This  shows  that  the  width  of  the  Ohio  specimen  is  some- 
what greater  in  proportion  to  the  length  than  that  of  the 
New  York  type. 

There  are  other  specimens  which  were  compared  with 
authentic  ones  of  C.  eximia  from  the  Ithaca  formation 
at  Cornell,  and  it  was  found  that  the  plications  on  the 
Ohio  specimens  are  rather  coarser  than  on  those  of  C. 
eximia  of  corresponding  size.  Although  these  specimens 
are  not  so  elongated  as  C.  stephani  generally  is,  perhaps 
it  is  better  to  refer  them  to  this  species.  In  the  Amer- 
ican Museum  it  was  noted  that  their  outline  is  not  far 
from  that  of  the  type  specimen  of  C.etiimia  shown  by  fig. 
1  of  pi.  55,  which  is  a  small  dorsal  valve  from  the  "In- 
clined Plane"  at  Ithaca,  N.  Y.,  without  any  distinct 
fold,  and  with  28  somewhat  angular  plications.  It  was 
decided,  however,  that  it  is  perhaps  as  well  to  list  these 
specimens  as  C.  stephani  Hall  (?).  Professor  Hall  gave 
the  occurrence  of  this  species  as  in  the  Chemung  near 
Ithaca  [Ithaca  formation  for  that  locality],  at  Phillips- 
burg,  Allegany  County,  and  Cortland  County,  N.  Y., 
and  near  Bedford,  Pa.,  which  is  not  changed  in  Professor 
Schuchert's  Synopsis  of  fossil  Brachiopoda. 

4.  Athyris  polita  Hall (r.) 

A  small  specimen  with  conspicuous  lines  of  growth,  and  other 
larger  ones,  some  of  which  are  considerably  distorted. 

5.  Chonetes  setiger  Hall (rr) 

This  specimen  agrees  fairly  well  with  some  at  Cornell  from 
the  Chemung  of  Ellicottville,  N.  Y.,  labeled  C.  setiger, 
and  with  others  from  the  Ithaca  formation,  near  Ithaca, 
N.  Y.  It  also  agrees  closely  with  fig.  3,  pi.  22,  Vol.  IV, 
Pal.  N.  Y.,  from  Penfield,  Ohio,  concerning  which  Hall 
wrote  that  "there  may  be  some  question  as  to  absolute 
identity."  The  range  of  this  species  is  given  by  Pro- 
fessor Schuchert  as  from  the  Marcellus  to  the  Waverly. 

6.  Productella  hirsuta  Hall (rr) 

The  spines  are  smaller  than  those  of  P.  lachrymosa(Con.)  Hall. 
It  was  compared  with  a  type  specimen  of  this  species  in 
the  American  Museum,  and  the  identification  is  believed 
to  be  correct.  Professsor  Hall  gave  this  species  as  from 
the  Chemung  of  Phillipsburg  and  Rockville,  Allegany 
County,  N.  Y.,  and  Covington,  Pa.,  which  remains  the 
same  in  Professor  Schuchert's  Synopsis  of  fossil 
Brachiopoda. 

7.  Productella  lachrymosa  (Con.)  Hall (r) 

The  specimens  from  this  locality  were  compared  with  au- 
thentic ones  of  this  species,  and  also  of  its  variety  lima 
Con.,  at  Cornell  University,  and  with  type  specimens  of 
both  the  species  and  variety  at  the  New  York  State 
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Museum.  Conrad  stated  in  the  original  description  that 
the  variety  differs  from  the  species  "in  the  depressed 
middle  [of  the  ventral  valve],  much  more  numerous 
shorter  tubercles."  The  original  of  figs.  29,  30,  pi.  25, 
Vol.  IV,  Pal.  N.  Y.,  of  P.  lachrymosa  var.  lima  from  the 
Chemung  of  Ellington,  Chautauqua  County,  N.  Y.,  is 
a  very  gibbous  ventral  valve  without  any  indication  of 
a  mesial  sinus.  The  pustules  from  which  the  spines  arise 
are  perhaps  a  little  smaller  than  those  on  the  specimen 
shown  in  fig.  26,  pi.  25,  of  P.  lachrymosa,  which  also  shows 
those  along  the  hinge  margin  as  stated  in  the  specific 
description.  The  original  of  fig.  31,  pi.  25,  of  the  variety 
lima,  has  a  decided  mesial  sinus;  but  the  pustules  are  as 
large  as  those  on  any  specimen  of  P.  lachrymosa 
and  no  more  abundant.  A  row  of  4  spines  is  well  devel- 
oped on  the  hinge  margin.  The  original  of  fig.  27,  pi. 
25,  of  P.  lachrymosa,  when  contrasted  with  the  original 
of  fig.  31  of  the  variety  lima,  shows  a  broad,  but  not 
nearly  so  deep  and  clearly  defined  ventral  sinus,  while 
the  pustules  from  which  the  spines  arise  are  shorter  and 
more  numerous  on  the  latter  (the  variety)  than  on  the 
former  specimen,  which  belongs  to  the  species.  The  ex- 
amination of  these  types  shows  that  not  all  of  those 
which  were  called  variety  lima  have  a  prominent  median 
sinus  on  the  ventral  valve;  but  in  general,  the  pustules 
of  the  variety  are  not  so  elongated,  and  are  more  numerous 
than  on  the  species.  P.  lachrymosa  var.  stigmata  Hall  is 
shown  on  examination  of  the  type  specimens  of  the  ventral 
valve,  to  be  more  gibbous  and  narrower  in  proportion  to 
the  length  than  the  specimens  of  either  P.  lachrymosa 
or  its  variety  lima,  while  the  fossets  (pits)  or  pustules, 
which  indicate  the  bases  of  the  spines,  are  much  more 
remote  than  on  either  P.  lachrymosa  or  variety  lima.  After 
this  examination  of  the  types,  it  appears  better  to  refer 
most  of  the  specimens  from  this  locality  simply  to  the 
species  P.  lachrymosa  (Con.)  Hall.  The  occurrence  of 
this  species  was  given  by  Hall  as  the  Chemung  of  southern 
and  southwestern  New  York,  which  was  not  changed  by 
Professor  Schuchert  in  the  Synopsis  of  fossil  Brachiopoda. 

8.     Productella  lachrymosa  (Con.)  Hall  var.  lima  Con.  (?) (rr) 

One  specimen  from  this  locality  is  a  ventral  valve  which 
resembles  considerably  fig.  27,  pi.  25,  of  P.  lachrymos'a, 
and  also  fig.  31  of  the  variety  lima.  The  sinus  has  about 
the  strength  of  that  on  P.  lachrymosa}  but  the  pustules 
are  smaller  and  more  like  those  of  the  var.  lima.  Another 
specimen  is  a  considerably  larger  ventral  valve  (internal 
impression), with  a  rather  deep,  but  not  very  broad  sinus. 
It  is  stronger,  however,  than  that  on  type  specimens  of 
.P.  bialveata  Hall.  The  five  type  specimens  of  P.  bial- 
veata,  figs.  24-28,  pi.  26,  are  all  on  one  block  of  sandstone 
from  Meadville,  Pa.,  associated  with  Spirifer  dis- 
junctus  Sowb.  The  pustules,  as  shown  on  fig.  28,  are 
fairly  large  and  rather  distant.  The  median  sinus  does 
not  begin  to  be  conspicuous  until  about  one-third  the 
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distance  from  the  umbo  to  the  front  of  the  valve.  It 
increases  in  strength  toward  the  front  of  the  valve;  but 
is  never  broad  like  the  sinus  on  some  valves  of  P.  lach- 
rymosa  var.  lima.  This  species,  however,  is  likely  to 
be  found  in  the  upper  Chagrin  of  Ohio.  It  appears  fairly 
certain  that  the  two  specimens  described  above,  from 
Cherry  Valley  Township,  Ohio,  may  be  identified  as  P. 
lachrymosa  (Con.)  Hall  var.  lima  Con.  The  occurrence 
of  this  variety  was  given  by  Hall  as  in  the  Chemung  of 
southwestern  New  York,  to  which  distribution  Professor 
Schuchert  has  added  the  Eureka  district,  Nevada,  and 
Mackenzie  River,  Canada,  all  of  which  he  gives  as 
Chemung. 

9.     Amboccelia  umbonata  (Con.)  Hall  var.  gregaria  Hall (rr) 

The  specimen  was  compared  with  a  type  in  the  New  York 
State  Museum,  and  it  has  the  rather  narrow  and  fairly 
deep  sinus  of  this  variety. 

10.  Schuchertella  chemungensis  (Con.)  Girty (r) 

An  Ohio  specimen  agrees  closely  with  others  at  Cornell  from 
South  Cuba,  N.  Y.,  which  were  identified  by  Professor 
Williams  as  this  species,  and  with  still  others  from  Mead- 
ville,  Pa.,  so  identified  by  Dr.  Kindle.  It  was  also  com- 
pared with  the  original  of  fig.  10,  pi.  10,  Vol.  IV,  Pal. 
N.  Y.,  in  the  New  York  State  Museum,  from  Randolph, 
N.  Y.  The  Ohio  form  is  wider  in  proportion  to  its  length 
than  this  hypotype  in  the  State  Museum;  but  the  lines 
(striae)  are  subequal  and  bifucate  in  the  same  way,  two 
or  three  times  on  both  specimens.  The  identification 
is  apparently  correct.  Hall  gave  the  occurrence  of  this 
species  as  in  the  Chemung  of  southern  New  York,  to  which 
Professor  Schuchert  has  added  the  Chemung  of  Pennsyl- 
vania; Eureka  district,  Nevada;  Lake  Winnipegosis, 
Canada,  and  Waverly  group  of  Ohio;  while  Professors 
Graubau  and  Shimer  give  it  as  in  the  Chemung  of  New 
York,  Pennsylvania,  Ohio,  Nevada,  and  Manitoba.' 

11.  Pararca  sao  Hall (rr) 

This  specimen  agrees  closely  with  one  so  labeled  in  the  U.  S. 
Devonian  collection  at  Cornell,  from  Meadville,  Pa., 
except  that  the  specimen  is  only  about  two-thirds  the 
size  of  the  Ohio  one,  and  the  radiating  plications  are  cor- 
respondingly smaller.  This  specimen  h^is  ab,out  the  same 
proportions,  length  45  mm.  and  height  33mm.,  as  the 
smaller  one  described  by  Hall,  which  is  given  as  45  mm. 
in  length  and  32  mm.  in  height.  Hall  gave  the  occurrence 
of  this  species  as  in  the  Chemung  group  at  Meadville, 
Pa.,  associated  with  Spirifera  verneuili  Murch.  =Spir- 
ifer  disjunctus  Sowb.,  and  also  near  Uniontown,  Pa. 
12  Pararca  cf.  venusta  Hall (rr) 

A  specimen  which  is  34  mm.  long  and  28  mm.  high,  agreeing 
fairly  well  with  the  description  of  this  species,  except 
that  the  umbonal  slope  is  stronger.  The  outline  of  the 
figure  (Pal.  N.  Y.,  Vol.  V,  pt.  I,  Lamellibranchiata 
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II,  pi.  94,  fig.  22),  however,  does  not  agree  well,  and  in 
this  respect  it  is  more  like  P.  erecla  Hall,  only  it  is  longer 
in  proportion,  from  the  Waverly  of  Warren,  Pa.  P.  ven- 
usta  was  given  by  Professor  Hall  as  from  the  upper 
part  of  the  Chemung  at  Warren,  Pa.,  and  above  the  con- 
glomerate at  Panama,  N.  Y. 

13.    Spathella  cf.  typica  Hall (rr) 

The  specimen  resembles  considerably  certain  ones  of  this 
species  from  Chemung  County,  N.  Y.,  the  originals  of 
figs.  37,  39  and  40,  pi.  66,  Lamellibranchiata  II,  pt.  I, 
Vol.  V,  Pal.  N.  Y.,  and  also  somewhat  the  one  repre- 
sented by  fig.  40.  The  occurrence  of  this  species  was 
given  by  Professsor  Hall  as  the  Chemung  of  Ithaca  [for 
this  locality  it  is  Ithaca  formation],  near  Elmira  and 
Lindley  Township,  Steuben  County,  N.  Y.,  and  in  Sul- 
livan, Tioga  and  Bradford  counties,  Pa. 

This  fauna  is  an  interesting  one  since  it  occurs  only  50  feet  below 
a  sandstone  which  is  referred  to  the  lower  part  of  the  Berea  formation, 
and  consequently  its  horizon  is  well  toward  the  top  of  the  Chagrin 
formation.  Of  the  13  species  in  the  list  11  are  identified  specifically 
with  a  reasonable  degree  of  certainty.  Of  these  11  species  Spirifer 
disjunctus  occurs  in  the  Chemung  and  Mississippian,  Camarotcechia 
stephani  in  the  Portage  and  Chemung  and  Chonetes  setiger  from  the 
Marcellus  to  the  Waverly.  The  other  8  species,  viz.,  Camarotoechia 
orbicularis,  Athyris  polita,  Productella  hirsuta,  P.  lachrymosa,  P.  lachry- 
mosa  var.  lima,  Amboccelia  umbonata  var.  gregaria,  Schuchertella  che- 
mungensis,  and  Pararca  sao  are  confined  to  the  Chemung.  Again  4  of 
these  11  species,  Spirifer  disjunctus,  Productella  lachrymosa,  Ambocoslia 
umbonata  var.  gregaria  and  Schuchertella  chemungensis,  occur  in  the  list 
of  12  dominant  species  of  the  Spirifer  disjunctus  fauna  of  Chautauqua 
County,  N.  Y.,  compiled  by  Professor  Williams,  while  Chonetes  setiger  is 
related  to  C.  scitulus  of  the  dominant  list.1  Also  3  of  the  11  species, 
viz.,  Spirifer  disjunctus,  Productella  hirsuta  and  Schuchertella  chemun- 
gensis occur  in  the  Spirifer  disjunctus  fauna  and  its  dominant  associates 
of  the  Genesee  section  as  compiled  by  Professor  Williams,  while  Chonetes 
setiger  and  Ambocoslia  umbonata  var.  gregaria  are  related  to  C.  scitulus 
and  A.  umbonata  of  that  list.2 

The  above  statistics  show  that  this  Cherry  Valley  fauna  in  eastern 
Ohio,  9  miles  west  of  the  Ohio-Pennsylvania  State  line,  and  near  the  top 
of  the  Chagrin  formation,  is  a  Chemung  fauna,  since  all  of  the  11  species 
occur  in  that  formation  and  8  are  confined  to  it.  Again  part  of  these 
species  are  recognized  as  diagnostic  or  dominant  species  of  the  Chemung 
of  southwestern  ^New  York  and  nearly,  if  not  all,  occur  more  abun- 
dantly in  the  Chemung  than  in  any  other  formation.  It,  therefore,  ap- 
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pears  that  the  rocks  containing  this  fauna  are  of  the  age  of  the  Chemung 
of  southwestern  New  York,  unless  this  Chemung  fauna  continued  to 
live  in  rocks  of  later  age  in  Ohio  than  in  New  York.  From  the  evidence 
of  the  fauna,  unless  proof  is  found  that  it  lived  to  a  later  age  in  Ohio 
than  in  New  York,  it  would  appear  that  these  rocks  should  be  correlated 
with  the  Chemung  formation  of  New  York.  On  the  other  hand,  if 
this  Chemung  fauna  survived  later  as  it  is  followed  westward,  then  it  is 
possible  that  this  upper  part  of  the  Chagrin  may  represent  some  portion 
of  the  Conewango  formation  of  northwestern  Pennsylvania,  or  of  the 
Cattaraugus  and  Oswayo  formations  of  southwestern  New  York,  or 
even  the  Bedford,  which  is  the  lowest  formation  of  the  Ohio  Waverly. 

The  stream  was  followed  up  from  the  bridge,  and  Chagrin  fossils 
with  Spirifer  disjundus  Sowb.  were  found  in  both  blue  shale  and  thin- 
bedded  bluish-gray  sandstone  16  feet  higher  than  the  top  of  the  ledge 
just  above  the  bridge,  while  the  thin-bedded  bluish-gray  sandstone  ripple- 
marked,  was  seen  in  the  bed  of  the  run  still  5  feet  higher.  The  stream 
above  this  point  is  bordered  by  dirt  beds  and  farther  up  it  flows  through 
a  somewhat  marshy  tract. 

On  the  next  north  and  south  road,  one  mile  to  the  west  of  the  one 
on  which  the  bridge  mentioned  above  occurs,  in  the  highway  gutters 
just  north  of  this  run,  and  a  short  distance  below  the  house  of  Mr.  Hiram 
Crosby,  in  1910  were  outcrops  of  a  very  soft  and  friable  sandstone  of 
light  brown  color.  This  sandstone  is  composed  of  grains  of  fairly 
coarse  quartz  sand  which  is  cemented  so  loosely  that  it  crumbles  to 
sand  when  struck,  and  might  readily  be  taken  for  a  bed  of  rather  compact 
and  massive  sand.  In  the  gutter  on  the  western  side  of  the  road  about 
2J  feet  was  shown,  and  it  also  occurred  in  the  gutter  on  the  eastern 
side  of  the  road  at  a  little  lower  horizon,  making  altogether  some  5  or  6 
feet  of  massive,  very  friable  sandstone  with  no  bedding  planes,  which  is 
more  or  less  perfectly  exposed.  This  sandstone  has  the  lithologic 
characters  and  stratigraphic  position  of  the  Cussewago  sandstone  of 
Pennsylvania,  which  is  considered  as  the  equivalent  of  the  lower  portion 
of  the  Berea  of  Ohio.  The  run  below  is  in  somewhat  marshy  land  ap- 
parently fed  by  springs  from  the  low  hills  bordering  it,  this  very  porous 
sandstone  serving  as  a  reservoir  for  the  water. 

On  the  opposite  side  of  the  run  from  the  outcrop  of  sandstone 
just  described,  a  well  was  drilled  to  the  depth  of  168  feet  some  25  years 
ago  on  the  farm  of  Mr.  E.  F.  Williams,  which  lies  to  the  west  of  the  high- 
way. According  to  Mr.  Williams,  who  lived  on  the  farm  when  the  well 
was  drilled,  its  record  is  as  follows: 
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Record  of  Well  on  Williams' s  Farm. 

Depth 
0 

4 '         Soil 


16 


168' 


12 


152 


Sand  rock 


All  slate  rock,  in  which 
some  gas  was  obtained 

Bottom  of  well 


The  mouth  of  this  well  is  about  15  feet  lower,  barometrically, 
than  the  top  of  the  sandstone  as  exposed  in  the  gutter  on  the  northern 
side  of  the  run. 

The  following  section  is  compiled  from  data  secured  at  this  locality 
and  the  outcrops  down  the  run  to  the  bridge  on  the  next  north  and  south 
road  to  the  east: 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

5.  Berea  sandstone  (Cussewago}.  Very  friable  sandstone 
of  light  brown  color,  composed  of  grains  of  fairly  coarse 

quartz  sand 5+    80 

4.     Covered  interval  10        75 

3.    Sand  rock  in  well  on  the  farm  of  Mr.  E.  F.  Williams 12       65 

2.    Covered  interval  28        53 

1.  Chagrin  formation.  Thin-bedded,  bluish-gray  sand- 
stones, alternating  with  bluish  shales,  in  which  Spir- 
ifer  disjunctus  Sowb.  is  found,  associated  with  other 
Chemung  fossils,  to  within  5  feet  of  the  top  of  the  out- 
crops   25  25 

A  well  was  drilled  in  1897  by  the  Western  Reserve  Oil  Company, 
on  the  Titus  A.  Hayes  farm,  which  is  located  nearly  a  mile  north  of 
Wick.  From  woodchuck  holes  in  the  vicinity  of  the  mouth  of  the  well 
are  rocks  resembling  lithologically  those  of  the  Chagrin  formation, 
although  possibly  they  may  be  Bedford.  At  a  depth  of  2,460  feet 
the  top  of  the  Devonian  limestone  was  reached.  Four  samples  from 
this  well  were  examined  which  gave  the  following  section: 


Depth  of 
sample. 
Feet. 

2460. 


The   Hayes    Well   North   of   Wick. 


2640. 


Description  of  sample. 

Devonian  (probably  Onondaga}    limestone.     Light   gray  limestone, 

which  effervesces  strongly  in  cold  dilute  HC1. 
Sample  supposed  to  be  from  this  well  composed  of  fine  grains  of  quartz 

sand.    Sylvania  sandstone  (?). 
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Depth  of 

sample.  Description  of  sample. 

Feet. 

2656.  Similar  fine  grains  of  quartz  sand,  which  are  slightly  discolored  by 
rust.  Also  with  a  slightly  saltish  taste. 

2662.  Fine  white  grains,  mainly  of  quartz  sand;  but  there  are  a  few  cal- 
careous ones. 

Gas  was  obtained  from  this  well  at  a  depth  of  about  600  feet, 
which  they  had  used  for  about  6  years  (in  August,  1904)  for  lighting 
and  heating  the  house.  The  pressure  at  that  time  was  stated  to  be  just 
about  the  same  as  at  the  beginning  and  had  remained  steady.  This 
well  is  about  opposite  the  section  located  above  the  village  of  Williams- 
field  P.  0.,  which  has  already  been  described. 

Mr.  L.  J.  Hayes,  who  drilled  this  well  on  his  brother's  farm,  has 
furnished  the  following  record: 

Record  of  Hayes  Well  North  of  Wick. 

Thick-    Depth. 
Description.  ness. 

Feet. 


About  50  feet  of  sandstone,  running  from  that  into  shale. 
[Perhaps  this  is  Berea  sandstone;  but  the  rocks  seen 
in  woodchuck  holes  near  the  mouth  of  the  well  resem- 
bled the  Bedford  or  Chagrin  formations] 50  50 

Shale 1190        1240 

Mixed  sand,  very  dark  in  color,  resembling  the  Bradford 
oil  sand,  from  8  to  12  feet  thick.  A  slight  show  of  oil 

in  this  sand 10±     1250 

Shale 600        1850 

Red  rock,  about  40  feet  thick 40±     1890 

Shale 510       2400 

Hard  rock,  which  for  the  first  50  feet  resembled  very  closely 

the  Trenton  limestone.     [Top  of  Devonian  limestone.]        50        2450 
Very  hard  for  a  few  feet;  sand  of  light  gray  color.     [Possi- 
ble a  chert  zone.]    Then  limestone  for  about  200  feet, 
without  any  material  change  except  from  hard  to  softer 

rock .-      200±     2650 

After  going  through  the  limestone  about  the  same  kind  of 
rock  as  that  above  the  limestone,  with  very  little 
change  except  from  fine  to  a  shade  coarser.  This  con- 
tinued to  the  bottom  of  the  well  at  2840  feet 190  2840 

Mr.  Hayes  states  that  this  well  was  the  driest  he  ever  drilled, 
not  the  slightest  show  of  water  after  the  casing  was  put  in.  After 
it  was  finished  and  had  stood  four  months  the  bailer  was  run  to  the  bot- 
tom of  the  well  and  there  was  not  enough  water  to  wet  it. 

On  the  Wick-Williamsfield  P.  O.  road,  in  the  ridge  just  to  the  east 
of  Pymatuning  Creek,  are  big  beds  of  sand  which  are  shown  in  the 
highway  cut. 

The  present  Wick  is  the  same  as  the  old  village  of  Lindenville, 
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which  on  Read's  geological  map  is  represented  as  located  on  the  outcrop 
of  the  Berea  grit.  The  present  Lindenville  is  located  at  the  first  four 
corners  to  the  west  of  Wick,  a  distance  of  one  mile. 

In  bed  of  stream  to  the  west  of  the  north  and  south  road,  about 
one-half  mile  south  of  Wick,  is  an  outcrop  of  greenish  (when  wet)  coarse- 
grained, soft  sandstone.  This  is  about  as  soft  as  the  Cussewago  sand- 
stone of  northwestern  Pennsylvania,  which  it  apparently  represents, 
and  occurs  on  the  line  of  outcrop  of  the  Berea  grit  as  represented  by 
Read  on  his  geological  map. 

This  stream  continues  south  of  the  Wick-Linden ville  highway 
until  about  one-half  mile  west  of  the  latter  hamlet,  where  it  forks.  The 
rise  of  this  stream  is  not  rapid,  along  which  rocks,  with  some  covered 
intervals,  are  shown  for  a  distance  of  1J  miles  to  the  west  of  the  outcrop 
just  described  on  the  highway  south  of  Wick.  This  carries  the  top  of 
the  section  above  Lindenville,  the  detailed  account  of  which  is  given 
below: 

Section  along  Stream  South  of  the  Lindenville-Wick  Road. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

9.  Orangeville  shale.  Two  feet  of  soft,  argillaceous  shale 
is  shown  on  the  creek  bank  above  Lindenville,  which 
has  the  lithologic  character  of  the  Orangeville.  Bluish, 
argillaceous  shale  is  shown  in  the  stream  bed  5  feet 
below  the  shale  already  noted,  on  the  stream  bank  _  _  _  7  125 

8.    Covered  interval 15      118 

7.  Berea  formation.  Layers  of  fine-grained  sandstone,  2 
inches  or  more  in  thickness,  in  bed  of  stream.  The  top 
of  rather  thin-bedded  and  rather  fine-grained,  mica- 
ceous sandstone  is  shown  in  the  field,  at  about  the 
same  level  as  the  sandstone  in  the  stream,  below  the 
east  and  west  road  leading  into  Lindenville,  and  a 
short  distance  south  of  that  hamlet 6=*=  103 

6.  Massive,  coarse-grained  sandstone,  some  of  which  con- 
tains abundant  nodules  of  clay  ironstone.  The  upper 
layer  on  the  cliff  varies  in  thickness  from  2  feet  8  inches 
to  2  feet  10  inches,  and  in  the  bed  of  the  stream  is  about 
4  feet.  The  lower  part  of  this  zone  is  a  massive,  rather 
coarse-grained  sandstone  of  rusty  or  brownish  color, 
as  shown  on  the  bank  of  the  stream,  and  it  breaks  off 
inbigblocks 9±  97 

5.  Bluish,  generally  arenaceous  shales,  alternating  with 
layers  of  flaggy  sandstone,  but  the  shales  predominate. 
Some  of  the  blue  shale  is  argillaceous  rather  than  are- 
naceous. The  upper  8  to  10  feet  of  this  zone  is  very 
blue,  rusty  as  weathered,  and  lithologically  does  not 
differ  from  shale  which  may  be  found  in  the  upper  Cuy- 
ahoga.  Some  of  the  thicker  and  sandy  layers  are, 
however,  conspicuously  ripple-marked 14  88 
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4.  Blue,  flaggy  sandstones,  much  ripple-marked,  and  also 
showing  a  great  many  fucoidal  or  mud  marks.  A 
rather  heavy  dip  down  stream  indicates  that  the  total 
thickness  for  the  entire  section  is  a  little  too  great. 
The  thickness  of  this  zone,  according  to  one  reading, 
is  16  feet,  and  to  another  26  feet.  The  smaller^one  is 
used  in  the  general  section 16+  74 

3.  Thin-bedded,  flaggy  sandstones,  the  layers  about  an  inch 
thick.  This  locality  is  where  the  stream  has  cut 
through  a  ledge,  and  there  is  a  small  cascade.  A  small 
but  sharp  anticlinal  fold  crosses  the  stream  at  this 
point,  with  a  N.  W.  and  S.  E.  axis 13  58 

2.  Greenish-buff  (when  wet),  coarse-grained,  friable  sand- 
stone, which  lithologically  is  like  the  Cussewago.  The 
top  of  this  zone  is  at  the  lower  end  of  the  cut  below  the 
cascade,  and  the  base  a  little  above  the  road,  one-half 
mile  south  of  Wick 25  45 

1 .     Covered  to  level  of  Pymatuning  Creek 20        20 

In  the  above  section  all  of  the  sandstone  from  the  base  of  zone 
No.  2  to  the  top  of  zone  No.  7  apparently  belongs  in  the  Berea  formation. 
The  total  thickness  of  these  zones  is  83  feet;  but  on  account  of  the  length 
of  the  section,  If  miles  or  more,  the  slow  rise  of  the  stream  and  the  dip 
down  stream  in  at  least  a  part  of  the  section  it  is  probable  that  this 
amount  is  somewhat  too  great. 

According  to  the  barometer  the  top  of  the  Berea  sandstone  south 
of  Lindenville  is  55  feet  higher  than  in  the  run  north  of  the  Wm.  Clark 
house  one-half  mile  north  of  Williamsfield  P.  O.  on  the  eastern  side 
of  Pymatuning  Creek.  Lindenville  is  about  3|  miles  to  the  southwest 
of  the  Hubbard  locality  which  gives  a  southwest  dip  of  15.7  feet  per  mile. 

A  stream  two  miles  south  of  Wick  and  just  south  of  a  cheese  factory, 
near  the  southern  line  of  Wayne  Township,  gives  a  partial  section  of  the 
Berea  formation.  The  lowest  outcrops  in  the  stream  are  to  the  east 
of  the  highway  and  the  highest  are  found  a  quarter  of  a  mile  or  more 
to  the  west  of  it.  The  section  is  as  follows: 

Section  Near  Southern  Line  of  Wayne  Township. 

Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

7.  Berea  formation.  Highest  outcrop  seen  on  stream,  which 
consists  of  about  6  inches  of  rather  fine-grained,  buff, 
quartz  sandstone.  Higher,  the  run  apparently  does  not 

cut  through  the  soil  to  the  bed  rock \      43| 

6.     Covered  interval  54-     43 

5.  Thin-bedded,  bluish-gray  sandstone,  composed  of  rather, 
fine  grains  of  quartz  sand,  which  shows  more  or  less 
cross-bedding;  some  of  the  layers  are  ripple-marked 
and  the  upper  part  of  the  zone  splits  into  layers  one- 
half  inch  or  less  in  thickness.  Factory  spring  ap- 
parently fed  from  this  zone . 15  38 

29— G.  B.  15. 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.    Zone  of   bluish-gray  shales  to   shaly  sandstone,  in  which 

most  of  the  shales  are  arenaceous 3|      23  — 

3.  Massive,  coarse-grained,  quartz  sandstone,  which  is  shown 
on  bank  of  creek  below  farm  buildings.  At  this  locality 
it  is  14  inches  thick  and  has  been  quarried  in  a  small 
way  for  local  use.  In  the  next  stream  to  the  north,  it 
was  quarried  to  a  sufficient  extent  to  furnish  all  the 
stone  for  the  house  on  that  farm.  On  the  bank  below 
the  massive  sandstone  is  shown  the  following  section: 

Soft,  thin,  argillaceous  shale 7  in. 

Shales  and  alternating  layers  of  sandstone  an 
inch^  in  thickness,  with  a  total  thick- 
ness of  2  ft.  2  in. 

Mostly  argillaceous,  grayish  to  buff  shales,  the  coarser 
layers  of  which  are  finely  arenaceous,  2  feet  to  bed  of 
stream;  making  a  total  of  4  feet  9  inches  from  the  base 
of  the  massive  sandstone  to  the  bed  of  the  run 1|  19£ 

2.  A  short  distance  down  the  stream  is  a  bank  from  8  to  9  feet 
high,  composed  of  thin-bedded  to  shaly  sandstone, 
with  some  rather  fine-grained  shales.  This  zone  does 
not  differ  lithologically  from  some  of  the  Bedford;  still 
there  are  zones  of  shale  in  the  Berea  toward  Cleveland 
(as  in  Stebbins  Gulch),  which  are  in  the  upper  part  of 
the  formation,  and  yet  resemble  the  Bedford  forma- 
tion lithologically.  This  bank  is  on  the  southern  side 
of  the  run  only  a  few  rods  above  the  highway 8+  18 

1.  Partly  covered  interval;  but  a  few  rods  below  the  highway 
are  outcrops  of  thin-bedded,  ripple-marked,  bluish- 
gray  sandstone,  composed  of  grains  of  fairly  coarse 
quartz  sand.  Below  this  point  the  bed  rocks  are  ap- 
parently not  shown 10  10 

Orwell  Well. — Orwell  Township  is  the  second  one  in  the  same 
tier  of  townships  directly  west  of  Wayne.  A  well  was  drilled  in  the  winter 
of  1902-03  in  the  eastern  part  of  the  township  on  the  John  R.  Warren 
farm,  about  1J  miles  directly  east  of  East  Orwell  (railroad  station), 
and  only  a  short  distance  west  of  Rock  Creek.  The  barometer  made 
the  mouth  of  the  well  55  feet  lower  than  the  railroad  at  East  Orwell, 
which  indicates  that  it  is  855  feet  above  sea  level.  Rock  Creek  is  about 
8  feet  lower  than  the  derrick  floor;  but  the  stream  is  sluggish  and  the 
valley  marshy  at  this  locality.  The  following  record  of  this  well  was 
furnished  by  Mr.  Calvin  Reeves,  of  Orwell: 
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Depth. 
0' 


146' 


1500 


2008 


2300' 


2325' 


Record  of  Orwell  Well. 

Drift 
Gravel 

Water  cased  off  at  208  feet 
"Erie  shale" 

Black  shale 

Between  1700  and  1800  feet,  top  of  Devonian 
limestone 

Gray  and  white  pumice-like,  soft  sandstone,  which 

is  from  80  to  100  feet  in  thickness 
Some  oil  from  this  sandstone 
Below  a  hard  limestone,  which  went  to  2300  feet 

Gray,  white  and  black  sandstone 

The  black  and  mixed  colored  sandstone  soft  and 

porous.     More  oil  in  this  sandstone  than  in  the 

upper  one 

Bottom  of  well  in  the  mixed  sandstone 


The  interesting  thing  shown  in  the  above  record  of  Mr.  Reeves 
is  that  in  the  Monroe  or  synchronous  formation  in  eastern  Ohio  there  are 
two  sandstones  which  in  the  Orwell  well  are  about  200  feet  apart. 

Rock  Creek  Section. — Rock  Creek  flows  northerly  across  the  eastern 
part  of  Orwell  and  Rome  townships  and  then  turning  westerly  across 
the  southern  part  of  Morgan  Township  enters  the  Grand  River.  In 
Rock  Creek  village,  and  for  some  distance  above,  this  stream  is  more  or 
less  completely  bordered  by  rocky  banks.  Above  the  Ashtabula  Pike 
bridge  in  Rock  Creek,  which  was  built  in  1832,  the  rocks  consist  mainly 
of  blue  shales,  some  of  them  argillaceous,  but  more  are  arenaceous; 
in  addition  there  are  layers  of  bluish-gray  sandstone,  some  of  which 
are  a  foot  thick.  The  shales  form  a  larger  proportion  of  the  total  thick- 
ness of  the  rocks  than  is  the  case  in  outcrops  of  the  Chagrin  formation 
in  Pierpont  and  Monroe  townships  to  the  northeast,  which  will  be  de- 
scribed later  on  in  this  bulletin.  The  sandstones  as  a  rule  and  the  shales 
to  a  greater  or  less  extent  weather  to  a  rusty  color.  There  are  a  number 
of  small  anticlinal  folds  in  this  part  of  the  creek's  course  and  one  fault 
with  a  throw  of  a  foot  or  a  little  more.  Some  of  the  sandstone  layers 
also  show  ripple-marks.  Fossils  are  rare;  an  occasional  specimen  of 
Liorhynchus,  Camarotcechia  and  two  or  three  other  genera  comprising 
all  that  were  found  during  an  hour's  search.  The  complete  list  is  as 
follows : 
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1.  Camarotoechia  contracts  Hall (c) 

2.  Liorhynchus  mesicostale  Hall (r) 

3.  Spirifer  disjunctus  Sowb. (rr) 

Internal   impressions  poorly  preserved  but  apparently  show- 
ing plications. 

4.  Productella  sp. (rr) 

Very  imperfectly  preserved. 

5.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wins. (rr) 

Internal  impression  of  dorsal  valve. 

6.  (?)  Cryptonella  sp.  or  perhaps  Centronella  sp (rr) 

Fragment    of   specimen,    but   showing   beautifully   punctate 
shell  structure. 

Some  of  the  sandstone  layers  have  large  numbers  of  so-called 
fucoid  stems,  especially  on  the  upper  surface.  These  rocks  are  lower  in 
the  Chagrin  formation  than  those  in  which  Camarotoechia  orbicularis 
Hall  and  Spirifer  disjunctus  Sowb.  are  common,  although  Professor 
Gushing  has  reported  Spirifer  disjunctus  Sowb.  from  below  the  railroad 
station  on  Rock  Creek. 

Sugar  Creek  enters  Rock  Creek  from  the  east  in  the  northeastern 
part  of  Rome  Township.  On  Rock  Creek  below  the  junction  of  these 
two  streams  blue  shales  and  bluish-gray  sandstones  are  exposed,  the 
sandstones  apparently  not  as  thick  as  those  farther  down  the  creek  in 
Rock  Creek  village.  Fossils  are  apparently  rare  in  this  portion 
of  the  formation  since  only  a  few  were  seen;  but  a  good  specimen  of 
Camarotcechia  orbicularis  Hall  was  collected.  In  this  part  of  the  stream 
the  Chagrin  forms  low  banks,  above  which  is  drift,  making  some  of  the 
banks  rather  high. 

Jefferson  and  Austinburg  Townships* — These  two  townships 
in  the  northern  central  part  of  Ashtabula  County  underlain  by  the 
Chagrin  formation  are  of  some  additional  interest  because  of  the  natural 
gas  field  located  near  the  township  line.  The  principal  stream  of 
Jefferson  Township  is  Mill  Creek,  which  rises  to  the  southeast  near 
Leon,  and  after  crossing  Dorset,  Denmark  and  Jefferson  townships, 
enters  the  Grand  River  near  the  southern  line  of  Austinburg  Township. 

On  the  north  and  west  bank  of  Mill  Creek  at  the  eastern  end  of 
Eaglesville  in  the  southern  part  of  Austinburg  Township  are  exposures 
of  the  Chagrin  formation  from  15  to  20  feet  in  height.  These  are 
mainly  blue  argillaceous  and  arenaceous  shales  alternating  with  an 
occasional  thin  sandstone.  There  are,  however,  in  the  bed  of  the  creek 
some  thicker  layers  of  sandstone  reaching  a  thickness  of  6  inches  or 
more,  which  are  shown  to  best  advantage  in  the  lower  and  most  con- 
spicuous anticlinal  fold.  It  is  not  far  across  this  fold;  but  its  limbs 
are  rather  steep  and  its  axis  is  about  N.  25°  E.  There  are  also  some 
other  smaller  folds  and  rolls  farther  up  the  creek.  At  one  place  the  rocks 
have  been  much  crushed  so  that  some  of  the  layers  are  dipping  at  a 
very  high  angle  and  on  the  bank  is  a  slip  forming  a  fault  with  small  throw. 
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The  shales  weather  to  a  rusty  color,  but  not  red  as  stated  by  Read.1 
Fossils  occur  rather  generally  in  these  rocks,  but  they  are  not  common 
except  in  certain  layers,  and  in  one  of  these  the  shells  are  so  abundant 
that  it  is  somewhat  calcareous.  The  most  common  species  in  the  shales 
in  the  bed  of  Mill  Creek,  at  the  eastern  end  of  Eaglesville,  are  Cama- 
rotcechia  contracta  Hall  and  Liorhynchus  ohioense  n.  sp.  The  following 
species  were  collected  from  the  rocks  along  the  creek  at  this  locality: 

1 .  Camarotoechia  contracta  Hall (c) 

Some  of  the  specimens  have  only  2  or  3  plications  in  the  sinus, 
with  4  on  the  fold,  2  of  which  are  strong.  The  specimens 
have  about  16  or  17  plications  on  a  valve  (Hall's  descrip- 
tion said  from  16  to  20)  and  in  general  they  are  rather 
more  rounded  than  on  New  York  specimens  of  this  species, 
although  on  some  of  them  they  are  somewhat  angular. 
The  Eaglesville  specimens  were  compared  with  some  of  the 
types  of  this  species  in  the  New  York  State  Museum,  and 
there  appears  to  be  no  doubt  as  to  their  specific  identity. 

2.  Camarotoechia  orbicularis  Hall  (r) 

Specimens  have  22  or  more  rather  rounded  plications,  with 
the  general  outline  of  this  species.  It  is  to  be  recalled 
that  Hall  wrote  that  this  species  "presents  many  of  the 
characters  of  the  larger  and  more  robust  forms  of  R.  [C.] 
contracta."* 

3.  Reticulariaprsematura  (Hall)  Schuchert (rr) 

Compared  with  authentic  specimens  of  this  species  at  Cornell 
University,  and  with  type  specimens  in  the  New  York 
State  Museum. 

4.  Liorhynchus  ohioense  n.  sp. (c) 

Specimens  with  2  or  3  broad,  rounded  plications  in  the  sinus, 
which  do  not  bifurcate,  or  only  near  the  umbo,  and  with 
generally  a  few  rather  indistinct  ones  on  the  sides. 
These  specimens  do  not  have  as  many  plications  as  L. 
.  mesicostale  Hall;  they  are  broader  and  do  not  divide  like 
those  of  that  species.  Neither  are  they  L.  sinuatum 
Hall  of  the  Ithaca  and  Chemung  formations,  which  has 
much  finer  and  more  numerous  plications  on  the  sinus  and 
fold.  Some  specimens  show  faint  plications  on  the 
sides.  The  originals  of  figs.  13-17,  pi.  57,  Vol.  IV, 
Pal.  N.  Y.,  of  L.  sinuatum  were  studied  in  the  American 
Museum.  The  Ohio  specimens  resemble  considerably 
medium  sized  ones  from  the  Ithaca  formation  at  North 
Norwich,  N.  Y.,  which  were  labeled  by  Hall  L.  mesi- 
costale, and  are  in  the  American  Museum.  The  plications 
on  the  Ohio  specimens,  however,  are  broader  and  not  so 
angular.  There  is  also  a  difference  in  general  appear- 
ance between  the  Ohio  specimens  and  L.  mesicostale, 
fully  as  much  as  between  a  good  many  described  species. 

5.  Liorhynchus  mesicostale  Hall (rr) 

There  are  occasional  specimens  with  the  proportions,  outline 


'Geol.  Surv.  Ohio,  Vol.  I,  p.  486. 
*Pal.  N.  Y.,  Vol.  IV,  p.  352. 
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and  dichotomous  plications  of  this  species.  One  speci- 
men with  rather  small  plications  has  7  in  the  sinus,  with 
6  or  7  on  the  sides,  all  of  which  are  conspicuously 
dichotomous  in  their  upper  part,  as  stated  in  Hall's  de- 
scription and  shown  in  the  American  Museum  on  the 
originals  of  figs.  23  and  25  of  pi.  57,  Vol.  IV,  Pal. 
N.  Y.  The  fineness  of  the  plications  and  their  extent 
over  the  sides  of  this  specimen  suggest  L.  laura 
Billings,  of  the  Marcellus  and  Hamilton.  It  closely  re- 
sembles, however,  small  specimens  in  the  American 
Museum,  from  the  Chemung  of  Bath,  Steuben  County, 
N.  Y.,  which  were  labeled  by  Hall  as  L.  mesicostale. 
The  Eaglesville  specimen  has  more  plications  on  the 
sides  than  the  large  type  specimens  of  this  species. 
The  smaller,  or  medium  sized  ones,  however,  from  Bath, 
N.  Y.,  have  bifurcating  plications  on  each  side  of  the 
fold  and  sinus,  which  extend  nearly  to  the  lateral  mar- 
gins of  the  shell. 

6.  Grammysia  sp. (rr) 

Crushed  and  distorted  specimen. 

7.  (?)  Edmondia  sp. (rr) 

8.  Fish  bone,  fragment  (rr) 

A  loose  block  in  Mill  Creek  at  this  locality  contained  a  large  number 
of  more  or  less  crushed,  but  clearly  marked  specimens  of  Liorhynchus 
newberryi  Hall.  The  locality  for  this  species  was  given  as  Kelloggsville, 
Ashtabula  County,  Ohio,  in  the  Erie  shales.  The  locality  is  given  as 
above  by  Schuchert;  but  the  horizon  as  Waverly,1  which  is  apparently 
in  error,  since  Kelloggsville  is  15  miles  northeast  of  Eaglesville  and  con- 
siderably lower  stratigraphically  in  the  Erie  shales  (Chagrin)  than  the 
Mill  Creek  horizon  at  Eaglesville. 

This  locality  is  about  215  feet  lower  than  the  Court  House  in  Jeffer- 
son according  to  the  barometer.  The  Eaglesville  locality  is  barometric- 
ally 200  feet  lower  than  the  loose  Cleveland  shale  on  the  highway 
south  of  Trumbull,  to  the  west  of  Grand  River.  These  outcrops  are 
estimated  by  Professor  Gushing  as  about  100  feet  lower  stratigraphic- 
ally than  those  already  described  in  Rock  Creek. 

Below  these  shales  and  sandstones,  as  shown  farther  down  the  creek, 
are  some  35  feet  of  soft  bluish  argillaceous  shales  with  occasional  layers 
of  finely  laminated,  micaceous  sandstones.  The  upper  portion  of  these 
shales  contains  a  few  poorly  preserved  fossils  of  which  Liorhynchus  mesi- 
costale Hall  (?)  and  Camarotcechia  contracta  Hall  are  the  most  common. 

On  Mill  Creek,  two  miles  north  of  Jefferson,  are  exposures  of  the 
Chagrin  formation  which  begin  some  rods  below  the  railroad  bridge, 
and  continue  above  it  with  fairly  continuous  outcrop  for  a  distance  of 
one-half  mile  or  thereabouts.  Below  the  railroad  bridge  thin  calcareous 
layers  which  contain  large  numbers  of  Liorhynchus  clarkei  n.  sp.  alter- 

'Bull.  U.  S.  Geol.  Survey,  No.  87,  p.  238. 
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nate  with  blue  shale.  There  are  also  some  layers  of  sandstones  both  below 
and  above  the  railroad  bridge,  some  of  which  are  ripple-marked  and  others 
contain  numerous  fucoid  stems.  Professor  Gushing  estimated  this  lo- 
cality as  25  to  30  feet  higher  stratigraphically  than  the  one  at  Eaglesville. 
The  topographic  map  apparently  makes  the  horizon  below  the  railroad 
bridge  about  70  feet  higher  than  Mill  Creek  at  the  eastern  end  of  Eagles- 
ville; but  it  is  4  miles  farther  north  and  if  Professor  Cushing's  estimate 
of  a  southerly  dip  of  15  feet  per  mile  is  not  too  great,  then  the  strati- 
graphic  elevation  is  apparently  less  than  25  feet,  perhaps  not  more  than 
10  or  15  feet.  In  the  limestone  below  the  railroad  bridge  at  this  lo- 
cality, the  following  species  were  collected: 

1.  Liorhynchus  clarkei  n.  sp (a) 

These  specimens  have  about  the  size  of  L.  mesicostale  Hall; 
but  the  plications  cover  the  sides  and  are  about  as 
conspicuous  as  on  the  fold  and  sinus,  while  the  figures  and 
descriptions  of  L.  mesicostale  give  the  sides  as  smooth 
or  "obscurely  marked  by  low  obsolete  folds."  In  L. 
newberryi  Hall  and  Whitfield  the  shell  is  rather  larger 
and  covered  by  folds,  but  they  are  rather  sharper  than 
on  these  specimens,  which  appear  to  be  intermediate 
between  these  two  species.  It  has  probably  generally 
been  called  L.  mesicostale  Hall.  Part  of  the  specimens 
resemble  considerably  fig.  25,  of  pi.  11,  23d  Ann.  Rep. 
N.  Y.,  State  Cab.  Nat.  Hist.,  which  is  stated  to  have 
"coarser  plications,  especially  in  the  mesial  depression" 
than  the  other  specimens  figured. 

2.  Camarotoechia  contracta  Hall (a) 

3.  Spirifer  disjunctus  Sowb. (r) 

4.  Productella  lachrymosa  (Con.)  Hall (rr) 

From  the  rocks  a  short  distance  above  the  railroad  bridge,  the 
the  following  species  were  obtained : 

1.  Camarotoechia  contracta  Hall ± (c) 

2.  Chonetes  setiger  Hall (c) 

3.  Chonetes  sp. (r) 

Larger  and  more  gibbous  specimen. 

4.  Reticularia  praematura  (Hall)  Schuchert  (?)  (rr) 

5.  (?)  Platyceras  sp. (rr) 

6.  Productella  sp.  (rr) 

7.  Leptodesma  cf .  longispinum  Hall (rr) 

Some  rods  above  the  railroad  bridge  is  a  layer  of  somewhat  cal- 
careous sandstone,  about  one  foot  thick,  containing  great  numbers 
of  Spirophyton  impression?.  One-fourth  mile  above  the  railroad  bridge 
a  blue  crystalline  limestone  is  shown  in  an  anticlinal  fold  in  a  cliff  on 
the  northern  side  of  the  stream,  which  contains  specimens  of  Syringo- 
thyris.  Farther  up  the  creek  and  35  feet  higher  than  the  Liorhynchus 
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layer  below  the  railroad  bridge  are  calcareo-sandy  layers,  some  of  which 
are  very  hard  blue  limestone,  and  sandstones  which  contain  fossils, 
especially  Syringothyris.  This  horizon  with  Syringothyris  is  below 
the  one  in  which  the  fairly  abundant  Spirifer  disjunctus  Sowb.  fauna 
occurs. 

Some  part  of  the  locality  just  described  contains  the  section  which 
Professor  Gushing  numbered  1,058  A,  and  described  as  located  "about 
two  miles  north  of  Jefferson  and  80  feet  below  the  railway  station  there." 
His  description  of  the  rocks  and  his  list  of  fossils  are  as  follows: 

"A  limestone  from  6  inches  to  1  foot  thick  is  here  exposed  just 
above  the  stream,  capped  by  15  feet  of  blue  shales.  The  limestone 
is  gray  with  a  slight  bluish  tint,  somewhat  crystalline,  very  hard  when 
fresh,  and  gradually  runs  into  micaceous  sandy  shales,  above  and  below. 
In  color  and  appearance  it  strongly  resembles  the  Meadville  limestones, 
higher  in  the  series,  but  it  is  more  crystalline,  and  with  a  somewhat 
greater  proportion  of  soluble  matter.  It  has  been  somewhat  used  as  a 
building  stone  for  rough  work  in  Jefferson.  It  is  very  fossiliferous, 
and  the  fauna  is  unique."  Then  the  following  species  are  listed: 

"1.    Syringothyris  textus  var.  chemungensis  var.  nov. 

2.  Grammysia  communis  (?) 

Between  G.  communis  and  G.  hannibalensis. 

3.  Platyceras  sp. 

4.  Rhynchonella  [Camarotcechia]  contracta 

5.  Orthis  vanuxemi 

6.  Leiorhynchus  multicosta 

7.  Leptodesma  sp.  like  L.  potens 

8.  Sanguinolites  sp. 

9.  Bellerophon  sp. 

10.  Productella  sp.  like  small  P.  speciosa 

11.  Lingula  sp. 

12.  Crinoid  stems. 

"The  first  four  forms  comprise  the  bulk  of  the  specimens,  the  first  far 
outnumbering  all  the  rest.  The  Leiorhynchus  occurs  where  the  limestone 
is  shading  into  the  sandy  shales,  and  does  not  occur  in  the  limestone 
proper.  The  Orthis  is  occasional,  and  the  remaining  forms  rare.  The 
fauna  is  a  peculiar  one  in  the  assemblage  of  species,  the  first  three 
forms  being  confined  to  this  stratum  as  far  as  I  have  been  able  to  de- 
termine. The  occurrence  of  Syringothyris  in  the  midst  of  a  Chemung 
fauna  is  especially  noteworthy.  It  is  overlaid  by  at  least  100  feet, 
and  probably  by  250  feet  of  shales  carrying  distinctly  Chemung  faunas."1 

Professor  Gushing  has  since  informed  me  that  most  of  the  excellent 
specimens  of  Syringothyris,  which  he  has  from  this  locality,  were  collected 
by  Prof.  Samuel  G.  Williams  from  blocks  of  the  limestone  which  had 
been  hauled  into  Jefferson  for  building  stone.  Some  of  these  stones 

1From  MS.  article  by  Professor  Gushing. 
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were  used  by  Mr.  E.  H.  Fitch  and  Mrs.  Fitch  wrote  that  they  came 
from  Mill  Creek  on  the  Perry  farm.  Professor  Gushing  stated,  how- 
ever, that  he  found  some  specimens  in  the  rocks  on  Mill  Creek,  so  that 
he  is  confident  that  its  correct  horizon  was  located. 

There  appears  to  be  no  question  as  to  the  specimens  collected  by 
Prof.  Samuel  G.  Williams  belonging  to  the  genus  Syringothyris.  They 
have  the  cardinal  area  and  punctate  shell  structure  of  this  genus,  while 
one  specimen  shows  the  outline  of  the  characteristic  tube  or  syrinx  some- 
what like  figure  34  of  plate  XXV,  Palaeontology  [New  York],  volume 
VIII,  part  II.  Several  of  these  specimens  were  also  shown  to  Dr.  John 
M.  Clarke  and  Prof.  Stuart  Weller,  who  unhesitatingly  referred  them 
to  Syringothyris.  Furthermore,  among  the  specimens  collected  by  the 
writer  at  this  locality,  as  already  mentioned  (p.  439),  are  several 
internal  impressions  which  show  a  part  of  the  split  tube  or  syrinx.  These 
specimens  were  collected  from  the  outcrops  on  the  bank  of  Mill  Creek 
J  mile  above  the  railroad  bridge,  so  that  there  is  no  question  as  to  their 
occurrence  at  this  locality.  Some  of  them  were  sent  to  Dr.  Edward 
M.  Kindle,  who  wrote  as  follows: 

"They  undoubtedly  represent  Syringothyris.  It  is  something  of 
a  surprise  to  me  to  learn  that  this  genus  actually  occurs  in  the  Chagrin 
as  your  collections  indicate.  It  seems  to  me  that  a  more  thorough 
and  exhaustive  study  of  that  troublesome  area  in  northwestern  Pennsyl- 
vania and  southwestern  New  York  than  has  yet  been  made  will  be  re- 
quired before  we  can  decide  just  what  significance  to  attach  to  this 
occurrence  of  Syringothyris  *  *  *  . 

"The  specimen  which  you  sent  from  Professor  Cushing's  collection 
I  think  also  shows  a  syrinx."1 

Since  the  genus  Syringothyris  is  often  listed  as  confined  to  the  Mis- 
sissippian  this  occurrence  of  the  genus  on  Mill  Creek,  north  of  Jefferson, 
may  be  used  as  an  argument  supporting  the  reference  of  those  deposits 
to  the  Mississippian.  It  is  to  be  recalled,  however,  that  Simpson  de- 
scribed the  species  Syringothyris  randalli  from  specimens  collected  near 
Warren  and  at  Union  City,  Pa.,  in  rocks  that  he  called  Chemung.2  The 
rocks  near  Warren  in  which  this  species  was  collected  in  association 
with  Spirifer  disjunctus  Sowb.,  apparently  belong  in  the  Conewango 
formation  as  described  by  Mr.  Butts,  which  in  age  he  calls  Devono- 
Carboniferous.3  He  has  also  listed  both  of  these  species  from  zone  No.  3 
of  the  Oswayo  formation  of  the  Olean  quadrangle  in  New  York,  which 
he  referred  to  the  Subcarbonic.4 

Dr.  Girty  thinks  that  the  form  which  Simpson  described  as  Syrin- 
gothyris randalli  "almost  certainly  belongs  to  the  form  commonly  re- 


'Letter  of  January  19,  1912. 

'Trans.  Am.  Phil.  Soc.,  n.  ser.,  Vol.  XVI,  1889,  p.  442. 

'Warren  folio,  No.  172,  Geol.  Atlas  U.  S.,  1910,  library  ed..  pp.  3-5. 

»N.  Y.  State  Mus.,  Bull.  69,  1903,  p.  995. 
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ferred  to  Spirifer  disjunctus  in  the  Warren  area."1  He  distinctly  states, 
however,  that  Syringothyris  does  occur  with  Spirifer  disjunctus  at  this 
locality  and  horizon.2 

Recently,  however,  Professor  Schuchert  has  reported  that  specimens 
of  Cyrtia  occidentalis  Swallow  from  the  Callaway  limestone  at  Bellamy 
Springs,  Callaway  County,  Missouri,  "are  unmistakable  individuals 
of  Syringothyris  *  *  *  .  This  limestone  is  here  the  basal  member 
of  the  Devonian  invasion,  and  appears  to  be  either  of  late  Middle  or 
early  Upper  Devonian  time.  *  *  *  Syringothyris,  therefore,  origi- 
nated in  the  Cordilleran  sea  during  the  later  Devonian  and  not  in  the 
Atlantic  province  as  the  writer  heretofore  held,  but  it  was  not  a  con- 
spicuous member  of  any  fauna  until  Mississippian  time."3 

The  Jefferson,  Ohio,  collection  was  studied  by  Professor  Gushing 
under  the  direction  of  Prof.  Henry  S.  Williams  at  Cornell  University, 
and  twenty-five  years  later  Professor  Williams  when  in  Cuba  wrote  as 
follows  concerning  the  age  of  the  rocks  containing  these  specimens  of 
Syringothyris : 

"I,  of  course,  cannot  go  into  details  without  my  notes.  But  the 
question  you  ask  about  Syringothyris  in  the  Devonian  in  Ohio  and  Penn- 
sylvania depends  upon  the  interpretation  of  the  horizon.  There  are 
several  cases  I  have  seen  in  which  I  now  think  the  horizon  is  Devonian, 
which  at  the  time  the  collections  were  made  I  regarded  as  Carbon- 
iferous chiefly  upon  the  evidence  of  the  appearance  of  that  genus  which 
then  was  supposed  to  occur  never  below  the  Carboniferous  (i.  e. 
Mississipian) . 

"In  reviewing  the  subject  you  will  have  to  take  this  fact  into  con- 
sideration."4 

Still  farther  up  Mill  Creek  below  the  first  north  and  south  road 
crossing  it,  and  according  to  the  topographic  map  some  15  feet  higher 
than  the  last  locality,  are  bluish  arenaceous  and  argillaceous  shales, 
alternating  with  irregular  layers  of  bluish-gray  sandstone.  The  upper 
portion  of  the  bank  is  composed  of  drift.  There  are  also  some  small 
but  rather  sharp  anticlinal  folds  shown  at  various  localities  from  near 
the  railroad  bridge  on  up  the  stream.  Specimens  of  Camarotcechia, 
Chonetes,  Dalmanella  and  a  few  other  imperfectly  preserved  shells  were 
found. 

The  complete  list  of  species   collected  at  this  locality  is  as  follows: 

1.  Camarotcechia  contracta  Hall (c) 

2.  Chonetes  setiger  Hall (c) 

3.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms (r) 


'Jour.  Geology,  Vol.  XIX,  1911,  p.  550. 

<The  exact  wording  is  as  follows:    "S.  randalli  occurs  at  the  locality  and    ho- 
rizon of  the  classic  association  of  SyringothyTis  with  Spirifer  disjunctus."     Loc.  cit. 
3Am.  Jour.  ScL,  4th  ser.,  Vol.  XXX,  Sept.  1910,  p.  223. 
4Letter  of  November  8,  1910. 
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The  specimens  are  larger  than  those  in  the  shales  farther  west, 
as  in  Chippewa  Creek,  etc.,  but  they  appear  to  be  nearer 
this  variety  than  any  other  species.  One  specimen  is 
23.4  mm.  wide  and  21.7  mm.  long. 

4.  Dalmanella  tioga  (Hall)  Wms (rr) 

One  specimen  with  about  the  proportions  of  this  species, 
since  it  has  a  width  of  27.6  mm.  and  a  length  of  22  mm. 
Fig.  22  of  pi.  8.  Vol.  IV,  Pal.  N.  Y.,  is  29  mm.  wide  and 
20  mm.  long. 

5.  Syringothyris  texta  (Hall)  var.  chemungensis  Gushing  (?) (rr) 

6.  Schizophoria  striatula  (Schlotheim)  Hall  and  Clarke (rr) 

7.  Gramniysia  cf .  undata  Hall  (rr) 

8.  Leptodesma  cf.  longispinum  Hall (rr) 

One  and  one-fourth  miles  farther  up  the  creek  at  the  covered  bridge 
north-northeast  of  Jefferson,  both  below  and  above  the  bridge,  are  low 
banks  of  bluish  arenaceous  shales  with  some  layers  of  thin  irregular 
sandstones.  These  rocks  contain  some  poorly  preserved  fossils;  but 
they  are  not  generally  abundant  and  it  is  not  an  especially  favorable 
locality  for  collecting.  A  few  specimens  of  Spirifer  disjunctus  Sowb. 
were  obtained  while  Camarotcechia  contracta  Hall  is  the  most  abundant 
species.  The  coarse  layers  of  shale  and  irregular  sandstones  contain 
numerous  fucoidal  markings.  Above  the  bridge  is  an  outcrop  of  from 
5  to  10  feet  and  in  one  layer  of  bluish  shale  a  good  many  specimens  of 
Camarotcechia  contracta  Hall  were  collected. 

At  this  locality  the  following  species  were  obtained: 

1.  Camarotcechia  contracta  Hall (a) 

There  are  several  specimens  in  various  states  of  preserva- 
tion with  16  to  18  or  20  plications,  which  vary  from  angular 
to  rounded,  with  2  or  3  in  the  sinus  and  about  4  on  the 
fold.  Part  of  these  specimens  were  compared  with  types 
of  this  species  in  the  New  York  State  Museum,  and  there 
is  no  doubt  of  their  specific  identity. 

2.  Camarotcechia  stephani  Hall (c) 

A  clearly  preserved  ventral  impression  has  4  plications  in 
the  sinus,  with  about  8  on  each  side.  This  one,  and  sim- 
ilar specimens,  after  comparison  with  types  of  C.  ste- 
phani Hall  and  C.  eximia  Hall  in  the  American  Museum, 
are  referred  to  the  first  mentioned  species.  On  the  other 
hand,  there  are  specimens  with  from  22  to  28  rather  an- 
gular plications,  which  perhaps  in  general  agree  more 
nearly  with  the  latter  species.  One  of  these  has  about 
4  plications  in  an  indistinct  sinus,  with  10  on  each  side 
of  the  valve  and  it  resembles  considerably  a  flattened 
form  of  C,  eximia.  These  specimens  have  not  been 
listed  as  distinct  from  C.  stephani,  since  it  is  not  alto- 
gether certain  that  they  belong  to  C.  eximia 

3.  Liorhynchus  ohioense  n.  sp (c) 

Some  12  rather  large  gibbous  specimens  were  collected,  which 
have  2  or  3  plications  in  the  sinus  and  2  or  more  somewhat 
indistinct  ones  near  it.  A  dorsal  valve  has  2  strong  pli- 
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cations  down  the  center,  a  less  conspicuous  one  on  each 
side,  and  then  2  less  distinct  ones,  grading  down  into  the 
smooth  lateral  surface  of  the  shell.  In  general  the  pli- 
cations are  broader,  as  well  as  fewer,  than  those  of  L. 
mesicostale  Hall. 

4.  Spirifer  disjunctus  Sowb. (rr) 

5.  Lingula  sp (rr) 

Broken  specimen;  front  of  shell  is  wanting. 

This  locality  is  barometrically  about  90  feet  lower  than  the  Court 
House  in  Jefferson,  or  125  feet  higher  than  the  locality  at  the  eastern 
end  of  Eaglesville.  The  topographic  map  makes  it  about  100  feet  higher 
than  the  Eaglesville  locality,  and  since  it  is  2J  miles  farther  north,  if 
Professor  Cushing's  estimate  of  a  southerly  dip  of  about  15  feet  per  mile 
be  correct,  then  stratigraphically  it  is  only  about  65  feet  higher. 

Banks  of  rock  occur  on  Mill  Creek  at  various  places  as  it  is  followed 
up  across  the  southeastern  part  of  Jefferson  Township  and  southwest- 
ern part  of  Denmark  Township  into  Dorset  Township.  For  some  dis- 
tance after  entering  the  latter  township  no  outcrops  of  older  rocks  were 
noted;  but  finally  both  below  and  above  the  dam  on  Mill  Creek,  a  short 
distance  below  the  Lake  Shore  and  Michigan  Southern  Railroad  bridge, 
are  rock  ledges.  This  locality  is  about  5J  miles  farther  up  the  stream 
than  the  covered  bridge  mentioned  above,  some  55  feet  higher  accord- 
ing to  the  topographic  map  and  If  miles  northwest  of  the  village  of 
Dorset.  The  dam  is  located  but  a  few  rods  below  the  railroad  bridge, 
and  blocks  of  bluish-gray  to  light  gray  sandstone  are  frequent  in  the  stream 
for  some  distance  below  it,  many  of  which  are  fossiliferous.  These 
light  gray  to  blue  micaceous  sandstones  have  the  lithologic  appearance 
of  many  of  the  similar  thin-bedded  sandstones  in  the  Chemung  of  New 
York.  At  the  eastern  end  of  the  dam  about  10  feet  of  rocks  is  shown 
in  the  creek  bank,  which  consist  principally  of  blue  argillaceous  and  are- 
naceous shales  with  occasional  layers  of  bluish-gray  sandstone  which  are 
rusty  when  weathered.  These  layers  contain  some  fossils,  and  from  the 
outcrop  and  the  loose  blocks  of  sandstone  in  the  stream  below  a  number 
of  species  were  obtained.  The  most  abundant  one  is  Spirifer  dis- 
junctus Sowb.,  but  a  number  of  specimens  of  Euomphalus  (Straparollus) 
hecale  Hall  were  seen,  and  also  several  poorly  preserved  ones  of  Cyrtia 
alia  Hall.  Above  the  dam  the  top  of  the  rock  bank  is  5  feet  or  more 
higher  than  the  top  of  the  shale  bank  at  its  eastern  end.  This  higher 
bank  is  composed  of  shales  and  sandstones,  while  a  sandstone  layer  near 
the  top,  in  places  about  1  foot  thick,  is  fossiliferous.  The  complete 
fauna  obtained  at  this  locality  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Cyrtia  alta  Hall (r) 

One  specimen  shows  the  cardinal  area,  ventral  and  dorsal 
valves  and  toward  the  front  of  the  sinus  the  plications 
are  clearly  shown. 
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3.  Athyris  cf .  polita  Hall (c) 

The  specimens  are  larger  than  normal  ones  of  this  species  and 
the  width  in  proportion  to  the  length  is  a  little  greater, 
and  i)n  this  respect  they  approach  somewhat  A.  angelica 
Hall;  but  do  not  have  so  deep  a  sinus  on  the  ventral  valve. 

4.  Athyris  polita  Hall (r) 

Some  of  the  specimens  smaller  than  above  and  like  figures  of 
this  species. 

5.  Productella  lachrymosa  (Con.)  Hall  var.  lima  Con (c) 

6.  Dalmanella  le<onensis  Hall  (?)  (IT) 

7.  Camarotoechia  orbicularis  Hall   (c) 

8.  Liorhynchus  sp.   (rr) 

Too  imperfectly  preserved  for  specific  identification. 

9.  Sphenotus  contractus  Hall (rr) 

Both  specimens  show  the  fold  on  the  post-cardinal  slope. 

10.  (?)  Grammysia  cf.  undata  Hall (rr) 

Poorly  preserved  specimen  and  difficult  of  identification. 

11.  Euomphalus  (Stroparollus)  hecale  Hall (c) 

12.  (?)  Cyclonema  cf.  obsolescens  Hall (rr) 

Imperfect  specimen  and  identification  is  doubtful. 

13.  Spirophyton  velum  Van.  (?) (rr) 

The  banks  of  the  stream  in  this  general  region  to  a  greater  or  less 
extent  are  composed  of  drift. 

A  mile  to  the  south  of  the  above  locality  and  about  seven-eighths 
of  a  mile  to  the  south-southwest  of  Dorset,  and  a  few  rods  below  the 
bridge  on  the  north  and  south  highway  crossing  Mill  Creek  is  a  rock 
bank  about  10  feet  high.  The  bed  of  the  stream  at  this  locality,  accord- 
ing to  the  barometer,  is  some  5  feet  lower  than  the  rocks  at  the  top  of  the 
cliff  above  the  dam  at  the  locality  just  described.  The  bank  is  composed 
principally  of  blue  argillaceous  and  arenaceous  shales  with  some  layers 
of  blocky  thin  sandstone.  A  heavy  layer  of  sandstone  occurs  in  the  bed 
of  the  stream  under  the  bridge.  The  sandstones  are  fossiliferous  and 
Spirifer  disjunctus  Sowb.,  is  the  most  abundant  species.  Cyrtia  alia 
Hall  and  Reticularia  prcematura  (Hall)  Schuchert  also  occur. 

The  complete  list  of  species  collected  at  this  locality,  which  is 
the  highest  fauna  found  in  place  on  Mill  Creek,  is  as  follows : 

1.  Spirifer  disjunctus  Sowb. (c) 

2.  Reticularia  praematura  (Hall)  Schuchert (r) 

3.  Cyrtia  alta  Hall (r) 

Fairly  high  impressions  of  cardinal  area  of  ventral  valve.  A 
poorly  preserved  impression  of  ventral  valve  shows  pli- 
cations in  the  sinus.  One  specimen  of  cardinal  area  in 
which  the  delthyrium  is  perforated  similar  to  that  shown 
in  specimens  of  Syringothyris  from  Mill  Creek  north  of 
Jefferson. 

4.  Strophalosia  muricata  (Hall)  Beecher  (?) (r) 

or 
Productella  hirsuta  Hall. 

5.  Productella  lachrymosa  (Con.)  Hall  var.  lima  Con (r) 
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6.  Athyris  polita  Hall (r) 

7.  Camarotcechia  orbicularis  Hall   (rr) 

8.  Dalmanella  leonensis  Hall   (c) 

Width  of  large  specimen  12.8  mm.,  which  agrees  with  Professor 
Williams'  statement  that  this  is  a  small  shell  "ordinarily 
not  over  12  mm.  wide."  Twenty-one  lines  on  the  front 
margin  of  one-half  of  a  valve  and  Williams  says  there 
are  from  20  to  25. 

9.  Schizophoria  striatula  (Schlotheim)  Hall  and  Clarke  (?)   (rr) 

10.  Schuchertella  chemungensis  (Con.)  Girty  (?) (r) 

11.  Euomphalus  (Straparollus)  hecale  Hall (r) 

Above  this  locality  outcrops  of  the  Chagrin  rocks  are  rare  on  Mill 
Creek  or  its  branches.  About  3f  miles  southeast  on  the  road  to  Leon 
and  1  i  miles  northwest  of  that  station  on  the  eastern  fork  of  Mill  Creek 
are  loose  sandstones  which  contain  specimens  of  Spirifer  disjunctus 
Sowb.  and  Productella  sp.  Apparently  these  rocks  have  not  been  moved 
any  considerable  distance.  The  farmer  on  whose  land  they  occur 
stated  that  about  14  feet  below  the  bed  of  the  draw  are  slate  (shale)  and 
some  layers  of  sandstone.  These  were  the  highest  fossiliferous  rocks 
seen  in  the  vicinity  of  Leon.  The  country  from  Leon  north  along 
the  "old  turnpike"  to  Steamburg  Church,  on  the  West  Branch  Ash- 
tabula  River,  is  pretty  flat  with  few  if  any  indications  of  outcrops. 
It  is  more  or  less  marshy  along  the  streams  and  their  banks  are  composed 
largely  of  drift. 

Much  interest  has  been  aroused  in  the  geology  of  the  Jefferson 
region  on  account  of  the  occurrence  of  natural  gas  in  considerable  quan- 
tity and  a  small  amount  of  oil.  Two  or  three  wells  drilled  in  or  near 
Jefferson  have  produced  from  one  to  two  barrels  of  oil  a  day. 

The  following  record  of  one  of  these  wells  was  furnished  by  Mr. 
F.  S.  Jones: 

Jefferson  Well. 

Thick-         Total 

Description.  ness.         depth. 

Feet.          Feet. 

Ohio  shale 1810  1810 

Devonian  limestone  (light  colored) 288  2098 

White  sand,  called  "salt  sand"   13  2111 

Gray  rock  8  2119 

Black  rock 8  2127 

Oilsand 13  21401 

Mr.  Eugene  Coste  has  furnished  the  writer  with  the  following  record 
of  the  Home  Co.  well  located  on  the  northern  edge  of  the  town  of  Jeffer- 
son: 


'Also  see  Geol.  Surv.  Ohio,  4th  ser.,  Bull.  1,  1903,  p.  303,  for  a  record  of  th 
well. 
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Home   Co.    Well,   Jefferson. 
Elevation  920  feet  above  sea  level. 

Thick-  Total 

Description.                                                                 ness.  depth. 

Feet.  Feet. 

Ohio  shales.     Gray  shales,  the  lowest  20  feet  rather  dark. .  _     1805  1805 
Devonian    limestone.     Light    colored    limestone    with     a 

notable  quantity  of  chert  at  2010  feet  300  2105 

Coarse  sandstone,  with  some  gas,  oil  and  salt  water 20  2125 

The  principal  gas  field  of  this  region  is  about  three  miles  northwest 
of  Jefferson  near  the  Jefferson-Austinburg  township  line,  where  nine 

or  more  wells  have  been  drilled.  The  well  on  the  Betsy  Markham 
farm  was  visited  while  it  was  being  drilled.  The  greater  part  of  the 

drillings  lying  about  the  derrick  were  of  bluish  or  grayish  color,  evi- 
dently from  the  Chagrin  formation.  Mr.  E.  M.  Knapp,  one  of  the  drill- 
ers, gave  the  following  record  of  this  well: 

The  Markham  Well 

Thick-  Total- 
Description,                                                              ness.  depth. 

Feet.  Feet. 

Chagrin  formation.     Bluish  shale 1500  1500 

Black  shale  with  brown  streak 75  1575 

Brownish  shale 75  1650 

Black  shale,  which  is  darker  than  the  upper  zone .        50  1700 

Devonian  limestone.     The  limestone  was  reported  by  Mr. 

James  Hunter  as  290  feet  thick 290  1990 

Bottom  of  well  in  gas  sand  at  about  2020  feet 30  2020 

The  most  complete  record  of  a  well  in  this  field,  one  drilled  on  the 

farm  of  Mrs.  A.  C.  Hawks,  was  furnished  by  Walle  Bros.  This  well 
was  sold  for  $20,000. 

The  Hawks  Well. 
Elevation  about  890  feet  above  sea  level. 

Thick-  Total 

Description.                                                                 ness.  depth. 

Feet.  Feet. 

Chagrin  formation.     Gray  shale 1510  1510 

Black  shale  with  brownish  streak    60  1570 

Grayish  shale  with  white  streak 90  1660 

Black  shale,  which  is  blacker  than  the  upper  black  shale 

zone 70  1730 

Devonian  limestone 100  1830 

Limestone,  which  is  cherty  and  somewhat  sandy 150  1980 

Softer  rock  of  light  gray  color  40  2020 

Gas  sand  (Sylvania  ?)  and  bottom  of  well     10  2030 

The  writer  saw  a  sample  of  this  gas  sand  which  came  from  a  depth  of 
2,023  feet  that  was  blown  out  of  the  well  when  gas  was  struck;  pieces 
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of  the  sandstone  were  thrown  as  high  as  the  top  of  the  derrick.  A 
well  was  visited  in  August,  1904,  on  the  T.  J.  Stewart  farm,  which  had 
been  drilled  three  years ;  but  where  the  tubing  had  j  ust  been  pulled .  The 
gas  was  not  shut  in  so  that  it  was  freely  escaping  from  the  mouth  of  the 
well  and  looked  like  smoke.  The  odor  of  gas  was  noticeable  in  the  air 
for  some  distance.  Some  of  the  wells  yield  oil,  but  gas  is  the  important 
product  which  comes  from  a  quartzose  sandstone  (Sylvania  ?)  in 
the  Monroe  (or  Salina  of  the  New  York  classification)  formation. 

Conneaut  and  Monroe  Townships, — These  two  townships  on  the 
eastern  border  of  Ashtabula  County  constitute  the  northeastern  corner 
of  Ohio,  to  the  east  of  which  are  Springfield  and  Conneaut  townships 
of  Erie  County,  Pennsylvania,  and  Beaver  Township  of  Crawford  County, 
Pennsylvania.  Conneaut  Creek  entering  from  Pennsylvania  flows 
southwesterly  across  the  southeastern  part  of  Conneaut  and  the  north- 
western corner  of  Monroe  townships  into  Kingsville  Township,  which 
lies  directly  west  of  the  two  townships  just  mentioned,  where  the  creek 
makes  a  great  bend  and  returns  in  a  northeasterly  course  across  the 
northwestern  part  of  Conneaut  Township,  entering  Lake  Erie  at  Con- 
neaut. 

At  various  localities,  in  both  Conneaut  and  Kingsville  townships, 
there  are  fairly  high  shale  banks  bordering  Conneaut  Creek  the  highest 
ones  perhaps  occurring  in  the  latter  township.  A  fair  one  may  be  seen 
on  the  creek  bank  and  in  the  Bessemer  and  Lake  Erie  Railroad  cut 
where  the  railroad  crosses  the  creek  about  one  mile  southwest  of  the 
central  part  of  the  town.  On  the  opposite  bank  near  a  grist  mill  is 
another  exposure,  but  not  so  good.  A  little  farther  up  the  stream  is  a 
considerable  bend  with  good  exposures  of  the  shale  in  the  banks. 

On  the  south  side  of  Conneaut  Creek,  about  6  miles  southwest  of 
Conneaut  and  If  miles  east  of  Kingsville,  is  a  long  bank  of  shale.  In 
places  it  is  probably  60  feet  in  height  and  is  apparently  composed 
mainly  of  thin  argillaceous  shales  with  alternating  layers  of  arenaceous 
shale  to  thin  sandstones.  The  sandstones  are  very  thin,  however,  and 
by  far  the  greater  part  of  the  bank  is  composed  of  shale  so  that  as  weath- 
ered there  are  no  prominent  projecting  layers.  The  general  appearance 
of  the  bank  is  similar  to  that  of  others  farther  west  on  the  Grand  and 
Chagrin  rivers.  A  view  of  this  bank  is  shown  in  the  accompanying 
half-tone,  Plate  XXVI,  A. 

A  steep  cliff  occurs  on  the  southern  bank  of  Conneaut  Creek, 
about  7  miles  southwest  of  Conneaut  and  a  short  distance  south  of  the 
Conneaut-Kingsville  highway,  for  perhaps  about  one-fourth  mile, 
which  in  places  is  probably  50  feet  high.  The  rocks  are  mainly  bluish 
shale,  which  is  both  argillaceous  and  arenaceous  with  very  thin  layers 
of  sandstone.  A  layer  from  2  to  4  feet  above  the  creek  has  a  tendency 
to  form  concretions  which  are  occasionally  in  the  form  of  septaria. 
Frequently  in  connection  with  these  concretions  are  layers  of  cone-in- 
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cone.  In  some  places  there  is  simply  a  rapid  thickening  of  this  sandstone 
layer  with  hardly  any  suggestion  of  a  concretion,  just  a  sandstone 
lens.  In  layers  of  the  soft  shale  below  this  concretionary  one  a  good 
many  specimens  of  Liorhynchus  sp.  were  found.  Some  of  the  pieces  con- 
tain a  large  number  of  specimens  of  this  species,  which  is  usually  flattened 
and  the  shell  almost  gone.  There  are  both  large  and  small  specimens 
of  the  fossils,  but  both  probably  belong  to  the  same  species.  These 
were  the  only  fossils  found,  although  some  little  time  was  devoted 
to  the  search. 

There  are  large  blocks  of  recent  conglomerate  in  the  creek  which 
have  rolled  down  from  the  old  lake  shore  beach  which  occurs  just  north 
of  the  creek  bank. 

The  banks  of  Ashtabula  River  in  Ashtabula  and  Plymouth  town- 
ships also  afford  excellent  outcrops  of  this  portion  of  the  Chagrin  forma- 
tion. Particularly  good  outcrops  are  shown  in  the  cliffs  of  the  river 
east  of  the  city  of  Ashtabula  and  along  the  river  for  some  distance 
above  the  city.  From  the  lake  shore  the  bed  and  cliffs  of  the  river  when 
followed  to  the  southern  limit  of  the  city  of  Ashtabula  give  a  con- 
tinuous exposure  of  some  130  feet  of  these  rocks.  They  are  composed 
mainly  of  soft  and  fissile  shales  of  bluish-gray  color,  although  some 
of  the  softer  ones  have  a  greenish  tint.  There  are  also  frequent  layers 
of  laminated,  micaceous  shales  as  well  as  of  flat,  somewhat  calcareous 
concretions.  In  addition,  in  some  localities  are  abundant  more  or  less 
spherical,  small  nodules  of  iron  pyrites  and  marcasite. 

As  already  stated,  the  general  appearance  of  these  shale  banks 
is  about  the  same  as  that  of  the  Chagrin  formation  on  the  lower  courses 
of  streams  farther  to  the  west,  as  for  example  the  Grand  and  Chagrin 
rivers.  Again  they  are  very  similar  to  those  on  the  streams  to  the  east 
in  Erie  County,  Pennsylvania,  which  Dr.  White  referred  to  his  Girard 
shales.  These  rocks  were  referred  to  the  Erie  shale  by  Read,  who  stated 
that  "by  far  the  largest  portion  of  the  county  [Ashtabula],  that  shaded 
green  on  the  map,  is  covered  by  the  Erie  shales;  and  they  are  from  800 
to  1,000  feet  thick,  and  extend  far  under  the  lake."1  The  next  township 
to  the  east  of  Conneaut  is  Springfield  in  Erie  County,  Pennsylvania, 
which  is  stated  by  Dr.  White  to  be  "everywhere  buried  so  deep  beneath 
the  Drift  that  the  streams  have  seldom  cut  through  it.  Except  along 
Conneaut  Creek,  at  the  southern  township  line,  and  at  one  locality 
on  the  Lake  Erie  Shore,  I  could  see  no  rock  exposures  in  the  entire  area."* 
The  underlying  rocks,  however,  are  stated  to  "belong  to  the  lower 
half  of  the  Chemung  flags,  and  to  the  Girard  shale;  the  latter  extend- 
ing to  the  lake  shore."  Also  "at  the  mouth  of  Crooked  Creek,  the 
top  of  the  Portage  flags  are  visible  15'  above  lake  level  =  588'  A. 
T.,"3  and  on  the  geological  map  the  top  layers  of  the  Portage 

iGeol.  Surv.  Ohio,  Vol.  I,  1873,  p.  486. 
'Second  Geol.  Surv.,  Pa.,  Q4,  p,  256. 
3Loc.  cit. 

30— G.  B.  15. 
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are  represented  as  rising  above  the  lake  level  a  short  distance  east 
of  Raccoon  Creek  and  then  bordering  the  lake  shore  to  the  north- 
east until  it  passes  into  New  York,  where  the  top  is  said  to  be  475 
feet  above  the  level  of  Lake  Erie.1  In  reference  to  the  age  of  this 
formation  Mr.  Luther,  of  the  New  York  Geological  Survey,  reported 
Chemung  fossils  in  Twelve  Mile  Creek,  about  30  feet  above  the  lake 
level,2  near  Northeast,  a  village  near  the  northeastern  corner  of  Erie 
County.  Also  the  last  "Geologic  Map  of  New  York,"  prepared  under 
the  direction  of  Dr.  Merrill  and  published  in  1901,  shows  the  top  of  the 
Portage  as  passing  below  lake  level  before  reaching  Pennsylvania,  suc- 
ceeding which  is  the  Chemung  formation,  which  is  shown  as  covering 
the  remaining  portion  of  extreme  southwestern  New  York. 

Girard  Township  lies  next  to  the  east  of  Springfield  Township,  in 
which  are  the  typical  exposures  of  the  Girard  shale,  especially  as  shown 
on  Elk  Creek,  above  the  village  of  Girard.  This  shale  was  named  and 
described  as  follows,  by  Dr.  White:  "A  succession  of  ashen-gray  and 
bluish  shales,  with  only  now  and  then  a  thin  sandy  stratum;  no  fossils 
except /uco^ds;  thickness,  say  225';  *  *  *  forms  the  Drift-covered  rock- 
surface  of  western  Erie  county  facing  the  lake,  and  is  finely  exposed 
in  every  ravine  which  descends  northward  from  the  Great  Divide;  but 
especially  aloog  Elk  creek,  above  Girard.  Seen  at  a  distance,  its  bluff- 
slopes  look  remarkably  like  the  Bowlder  clay  of  the  Drift,  and  some- 
times like  vast  banks  of  gray  coal-ashes. 

"Its  base,  or  lowest  level,  is  at  lake-level  at  Raccoon  creek,  near 
the  Ohio  State  line,  and  475'  above  lake-level  at  the  New  York  State 
line. 

"I  have  never  found  a  single  fossil  shell  in  it,  at  hundreds  of  ex- 
posures examined;  but  fucoid  casts  are  very  abundant."3 

On  the  legend  of  the  "Geological  Map  of  Crawford  and  Erie  Coun- 
ties" the  Girard  shale  is  described  by  Dr.  White  as  follows:  "Ashen 
gray  Shale  quite  homogeneous  throughout,  with  very  few  gritty  layers 
and  totally  destitute  of  all  animal  remains,  constituting  the  transition 
series  between  the  Portage  and  Chemung."4 

Under  the  description  of  Girard  Township,  Dr.  White  stated  that 
"the  Girard  shales  are  exposed  all  along  Elk  creek  as  a  series  of  bluish 
or  ashen-gray  shales,  remarkably  uniform,  and  singularly  destitute  of 
any  organic  remains  save  Fucoids,  which  occur  in  abundance. 

"Very  few  pandy  layers  occur  in  the  series,  which  consists  of  finely 
laminated  slate  and  clay  layers.  These  line  the  streams  in  vertical 
cliffs,  and  from  a  distance  look  like  huge  heaps  of  gray  coal-ashes."5 
Finally,  Dr.  White  stated  in  describing  the  outcrops  on  Elk  Creek  that: 

'Ibid.,  p.  119. 

«N.  Y.  State  Mus.,  Bull.  69,  1903,  p.  1028. 

'Second  Geol.  Surv.,  Pa.,  Q4,  pp.  118,  119. 

4Ibid.,  sheet  2. 

6Ibid.,  p.  258. 
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"As  we  pass  down  Elk  creek,  the  Girard  shale  continues  to  floor 
the  stream  and  form  cliffs  along  its  banks  until  we  reach  Girard.  Here 
the  Portage  flags  begin  to  come  up  in  the  bed  of  the  creek,  and  the  layers 
of  sandstone  have  there  been  quarried  for  a  time  on  the  land  of  Dr. 
Ealy."1 

The  writer  has  studied  the  outcrops  of  the  Girard  shale  along  Elk 
Creek  twice;  first,  while  an  assistant  of  Prof.  Henry  S.  Williams  in  1884, 
and  again  twenty  years  later  in  1904  in  connection  with  field  work 
for  this  bulletin. 

The  Lake  Shore  and  Michigan  Southern  Railroad  crosses  Elk  creek 
about  three-fourths  of  a  mile  west  of  Girard  station.  Below  the  bridge, 
on  the  western  bank,  are  fine  bluish  shales,  which  weather  to  an  ashen 
color,  and  are  near  the  base  of  the  Girard.  In  the  stream  above  the 
Lake  Shore  bridge  are  very  compact,  bluish,  fine-grained  sandstones 
which  have  a  strong  petroleum  odor.  The  top  of  these  sandstones  ap- 
pears in  the  bed  of  the  creek  and  on  the  lower  part  of  the  bank  near  the 
mill,  and  they  are  apparently  those  called  by  Dr.  White  the  Portage  flags. 
On  the  bank  above,  are  blue  shales,  with  an  occasional  layer  of  sandstone 
an  inch  or  more  in  thickness.  This  locality  is  only  a  short  distance 
below  the  Dr.  Ealy  farm,  where  Dr.  White  stated  the  Portage  flags 
were  quarried.  It  was  also  stated  that  these  Portage  rocks  consist 
of  "thin  sandstones  alternating  with  shales,  which  border  the  lake 
shore  all  the  way  to  the  N.  Y.  State  line.  Where  quarried  here 
on  the  land  of  Dr.  Ealy  it  is  a  hard,  blue,  fine-grained  sandstone,  not 
quite  one  foot  thick,  and  covered  with  Fucoidal  markings."  Dr.  White's 
Girard  section,  near  this  locality,  a  short  distance  below  where  the  road 
crosses  Elk  Creek,  and  on  the  right  bluff  of  the  stream,  is  as  'follows  : 

"Girard  shales,  bluish  gray  ___________________________________________  40' 

Sandstone  layer  in  bed  of  creek  [Portage  flags]  _______________  8"  to  10"  "2 

The  Girard  shales  lithologically  are  very  similar  to  the  lower  part 
of  the  Chagrin  formation  as  seen  in  northeastern  Ohio,  of  which  they 
are  the  eastern  continuation. 

The  reports  of  Dr.  John  M.  Clarke  and  Mr.  D.  D.  Luther,  of  the 
New  York  Geological  Survey,  together  with  the  last  Geologic  Map 
of  that  State,  apparently  show  that  the  Girard  shales  are  of  Chemung 
age.  It  must  also  be  recalled  that  in  1884,  Prof.  Henry  S.  Williams 
and  his  party  studied  the  Girard  shales  at  their  typical  locality  on  Elk 
Creek  and  collected  fossils  in  them.  Dr.  White  was  unsuccessful  in 
finding  fossils  in  the  Girard  shales,  for  in  describing  a  section  in  the 
southern  part  of  this  township,  on  a  tributary  of  the  South  Branch  of 
Elk  Creek,  which  was  referred  to  the  Chemung,  he  noted  a  shale  some 
50  feet  above  the  base  of  the  section  in  which  it  was  reported  that  there 


ilbid.,  p.  259. 
2Loc.  cit. 
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"may  be  seen  multitudes  of  a  shell  very  much  resembling  Avicula  fra- 
gilis  [Lunulicardium  (Pterochcenia)  fragile  Hall]. 

''This  is  the  lowest  horizon  at  which  I  have  ever  found  any  fossils  in 
the  Chemung  flags,  and  as  we  go  down  the  stream  from  this  point  not  a 
trace  of  a  fossil  animal  is  seen  in  the  fine  exposures  oftheGirard  shale."1 
On  the  chart  of  "Meridional  sections  of  the  upper  Devonian  deposits 
of  New  York,  Pennsylvania  and  Ohio"  by  Henry  S.  Williams,  the 
Girard  section  is  No.  Ill,  on  which  a  Portage  fauna  (C2),  "the  Lam- 
ellibranch  stage,  with  Cardiola  speciosa,  etc.,"  is  shown  at  an  elevation 
of  625  feet  above  the  top  of  the  Genesee  shale  and  the  lowest  Chemung 
fauna  (D4),  "the  stage  of  Rhynchonella  contracta"  is  shown  at  an  ele- 
vation of  875  feet  above  the  Genesee.2  The  hatching  of  this  section 
indicates  that  both  of  these  faunas  are  contained  in  the  "Portage  green 
argillaceous  shales,"  C2  at  an  apparent  elevation  of  125  feet  above  Lake 
Erie  and  the  lowest  appearance  of  D4  at  375  feet.  The  top  of  Dr. 
White's  Portage  flags  at  Girard  he  gave  as  62  feet  above  the  level  of 
Lake  Erie.3  This  examination  of  Dr.  Williams'  interpretation  of  the 
Girard  section  as  given  on  the  chart  apparently  shows  that  he  consid- 
ered the  Girard  shale  as  representing  part  of  the  New  York  Portage.  The 
text,  however,  apparently  does  not  corroborate  this  conclusion  for  he 
states  that  "the  fourth  stage  (D4)  [of  the  Chemung  fauna]  is  confined 
to  the  sections  of  Chautauqua  [southwestern  New  York]  and  Girard, 
until  near  the  termination  of  the  Chemung  deposits,  when  it  spread 
eastward,  and  is  the  only  stage  of  the  Chemung  fauna  recognized  at  the 
eastern  extreme  and  there  only  at  the  very  termination  of  the  marine 
deposits.  Spirifera  disjuncta  and  Rhynchonella  contracta  are  almost 
the  only  species  found  in  this  upper  fauna,  but  in  the  western  sections 
(the  Girard  and  Chautauqua)  these  species  occur  very  early  in  the 
deposits,  the  latter  having  been  found  as  low  as  the  Portage  flags  of 
White's  classification.  *  *  *  * 

"The  fauna  which  appears  at  the  upper  stage  of  the  green  shales  in 
the  Girard  section  (the  Girard  shale  and  upper  Portage  of  I.  C.  White) 
is  restricted  to  a  higher  and  higher  horizon  going  eastward,  so  that 
in  the  Chenango  section  [of  central  New  York]  it  is  the  last  fauna  seen 
below  the  reds."4 

In  a  later  publication  by  Professor  Williams,  it  appears  to  be  clearly 
stated  that  he  regards  the  lower  deposits  of  northeastern  Ohio  as  of 
Portage  age.  For  in  describing  the  Pennsylvania  section,  he  stated 
that  "after  passing  the  Hamilton  formation  and  the  black  Genesee 
shale,  where  they  are  recognized,  there  is  — 

"First.  A  series  of  thin  bedded  deposits,  generally  more  agilla- 
ceous  than  sandy,  constituting  the  blue  or  green  shales  of  the  Portage 


.,  p.  258. 

'Proc.  Am.  Assoc.  Adv.  Sci.,  Vol.  XXXIV,  1886,  Chart  following  p.  234. 
«Loc.  cit.,  p.  259. 
4Loc.  cit.,  pp.  227,  228. 
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group,  containing  little   or  no  iron,  except  in  the  condition  of  pyrites. 

"Second.  A  series  of  similar  shales,  but  of  generally  lighter  color 
and  weathering  brown  to  yellow  from  iron  oxides,  and  with  occasional 
thick,  massive  beds  of  light  gray  sandstones,  often  coarse  grained  and 
in  places  conglomeratic,  and  holding  petroleum  in  some  areas.  When 
seen  on  the  surface  they  are  often  strongly  calcareous,  and  generally 
give  ofT  a  strong  bituminous  odor  upon  first  fracture."1 

Then,  on  considering  the  "Order  of  deposits  in  Ohio,"  Professor 
Williams  wrote  as  follows:  "Now,  turning  in  the  other  direction  [to 
the  west  of  Pennsylvania,  as  he  had  just  been  comparing  the  Allegany 
County  section  of  New  York,  and  farther  east],  in  Ohio  we  find  a  dif- 
ferent order  of  strata.  The  first  group  [which  is  called  the  Portage  in 
the  Pennsylvania  section],  instead  of  being  followed  by  the  heavier  and 
more  frequent  sands  of  the  second  group,  is  followed  by  a  return  of  the 
condition  below,  black  fine  shales  and  soft  greens  taking  the  place 
of  thin  bedded  shales  and  sands.  And  the  whole  interval  of  the  second 
and  third  groups  of  the  areas  farther  east  is  represented  by  only  one, 
at  greatest  only  two,  of  the  sandy  conglomerate  deposits. 

"The  explanation  of  this  condition  of  things  is  to  be  fully  deter- 
mined only  by  the  fossils.  I  find  that  the  first  group  holds  a  Portage 
fauna  in  the  soft  green  shales  and  a  Genesee  fauna  in  the  black  interleaved 
shales.  I  find  the  second  group  marked  by  the  departure  of  the  Portage 
fauna  at  the  first  massive  sandstones;  and  with  the  deposition  of  those 
sands  of  the  second  group,  both  in  them  and  in  the  accompanying 
shales,  which  are  more  ferruginous  than  those  below,  the  Chemung 
fauna  appears."2 

Loose  pieces  of  stone  in  the  valley  of  the  South  Branch  Ashta- 
bula  River,  about  one  mile  south  of  Kelloggsville,  in  the  western  part 
of  Monroe  Township,  contain  fossils  in  considerable  abundance.  Some 
of  the  blocks  are  composed  somewhat  largely  of  fossils  as  Camarotcechia 
and  in  addition  Li  or  hynchus  (large  one),  Spirifer  disjunctus,  Cyrtia,  Produc- 
tella,Chonetes,  Dalmanella,  etc.,  were  found.  These  blocks  were  undoubt- 
edly washed  down  by  the  stream  from  layers  in  which  they  are  in  place 
somewhat  higher  and  farther  to  the  south.  The  locality  where  they 
were  collected  is  some  250  feet  higher  than  Conneaut  Creek  at  the 
mill  southwest  of  that  town.  Unfortunately  the  entire  collection  of 
fossils  from  these  two  townships  was  lost  during  its  transportation  to 
Columbus,  Ohio,  in  1902. 

Shale  bank  some  25  feet  high  on  the  east  side  of  the  West  Branch 
Ashtabula  River,  about  two  miles  south  of  Kelloggsville,  in  the 
western  part  of  Monroe  Township.  This  bank  is  a  little  farther  up 
the  creek  than  the  school-house  on  the  farm  of  J.  C.  Usher,  and  is  com- 
posed mainly  of  either  argillaceous  or  arenaceous  shales,  with  thin 

'Bull.  U.  S.  Geol.  Survey,  No.  41,  1887,  pp.  19,  20. 
»Ibid.,  p.  20, 
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layers  of  thicker  arenaceous  shales  to  thin  laminated,  micaceous  sand- 
stones. Occasionally  there  is  a  thicker  layer  which  is  somewhat  calca- 
reous from  numerous  shells  and  more  infrequently  there  is  one  an  inch 
or  two  thick,  which  is  a  genuine  firestone  from  the  great  number  of 
specimens  of  Spirifer  disjunctus  Sowb.  that  largely  compose  it.  Such 
a  layer  occurs  in  the  upper  part  of  the  bank  above  the  small  run,  and 
more  impure  ones  farther  up  the  stream.  The  most  abundant  fossils 
are  Spirifer  disjunctus  Sowb.  and  Camarotcechia  contracta  Hall,  which 
in  certain  zones  are  thick.  They  are  both,  however,  found  in  the  soft,  argil- 
laceous shales  of  this  bank.  There  are  also  little  lenses  of  sandstone 
in  the  midst  of  the  shales  which  contain  numerous  specimens  of  Spir- 
ifer  disjunctus.  These  shales  vary  in  color  from  bluish  to  greenish- 
gray  and  gray.  The  harder  layers  form  slight  projections  in  the  surf  ace 
of  the  shale  bank  which  may  be  seen  for  some  distance.  The  level  of 
the  creek  at  this  locality,  barometrically,  is  275  feet  higher  than 
Conneaut  Creek  at  the  mill,  southwest  of  Conneaut.  The  lithologic 
characters  of  these  rocks,  together  with  the  firestone  layer,  recalls 
strikingly  the  general  appearance  of  the  Chemung  rocks  in  Chautau- 
qua  County  of  southwestern  New  York,  as  for  example,  the  outcrops 
that  may  be  seen  on  Little  Chautauqua  Creek  in  that  county. 

The  West  Branch  Ashtabula  River  on  the  east  and  west  Monroe- 
Pierpont  township  line  highway  near  the  southwest  and  northwest 
corners  of  the  two  townships,  has  a  rock  bottom.  This  locality  is  2J 
miles  west  of  Fords  Corners,  5  miles  from  Pierpont,  about  14  miles  from 
Conneaut,  and  15  miles  northeast  of  Jefferson.  The  rocks  are  bluish- 
gray,  somewhat  irregularly  bedded  sandstones,  which  on  weathering 
are  usually  very  rusty  in  color  from  iron,  some  layers  10  inches  in  thick- 
ness, which  have  been  quarried  for  barn  foundations,  alternating  with 
blue  arenaceous  shales.  The  upper  part  of  some  of  the  sandstones 
contains  large  numbers  of  Spirophyton  impressions  and  numerous  grains 
of  iron  pyrites.  There  is  a  strong  local  dip  at  this  place  of  from  10° 
to  15°  E.  of  S. 

The  sandstones  below  the  bridge  as  a  rule  vary  from  4  to  6  inches 
in  thickness;  but  one  zone  composed  of  several  layers  is  15  inches  thick. 
On  two  loose  blocks  rather  imperfect  ripple-marks  were  noted  as  well 
as  on  some  layers  in  place.  The  sandstones  contain  numerous  specimens 
of  fucoid  stems  as  well  as  impressions  of  Spirophyton.  In  some  layers  of 
the  blue  shale  exposed  in  bed  of  stream  a  few  rods  below  the  bridge,  are 
abundant  specimens  of  Camarotcechia  orbicularis  Hall.  A  few  spec- 
imens of  C.  contracta  Hall  and  either  C.  eximia  Hall  or  C.  stephani  Hall 
were  also  found,  as  well  as  one  of  Spirifer  disjunctus  Sowb.  in  a  loose 
block.  The  stream  was  followed  until,  according  to  the  barometer,  it 
was  15  feet  lower  than  the  bridge;  but  these  lower  rocks  apparently  have 
but  few  fossils  aside  from  the  Spirophyton  impressions  and  fucoid  stems. 
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The  complete  list  of  species  collected  at  this  locality  is  as  follows: 

1 .  Camarotcechia  orbicularis  Hall   (a) 

2.  Camarotcechia  contracta  Hall (r) 

3.  Camarotcechia  stephani  Hall  (?)  (rr) 

4.  Spirifer  disjunctus  Sowb. (rr) 

5.  Productella  hirsuta  Hall (rr) 

Concentric  lines  and  spines  appear  to  agree  with  this  species. 

6.  Spirophyton  sp.    (rr) 

A  calcareous  layer  some  little  distance  above  the  bridge  contains 
a  large  number  of  specimens  of  Camarotcechia  orbicularis  Hall,  as  well 
as  a  few  of  Strophalosia  muricata  (Hall)  Beecher. 

In  addition,  specimens  of  the  following  species  were  obtained: 

1.  Camarotcechia  contracta  Hall (c) 

2.  Spirifer  disjunctus  Sowb. (rr) 

3.  Productella  boydi  Hall  (?) (c) 

The  surface  of  the  shell  is  marked  by  elongated  ridges  which 
probably  support  spines  as  stated  in  the  de'scription  of 
this  species;  buit  the  ventral  valve  does  not  show  the 
medial  depression  and  the  cardinal  margins  are  not 
rounded  so  that  the  cardinal  line  is  less  than  the  width  of 
the  shell. 

Some  of  the  thin  layers  of  sandstone  are  a  very  pleasing  bluish-gray 
to  a  light  dove  color.  Small  anticlinal  folds  cross  the  stream. 

In  the  bed  of  East  Branch  Ashtabula  River,  which  crosses  the 
Monroe  and  Pierpont  township  road,  about  half  way  between  the  last 
described  locality  and  Fords  corners,  the  rocks  are  mainly  bluish,  irreg- 
ular, thin-bedded  sandstones,  alternating  with  shales  and  very  similar 
in  lithologic  appearance  to  those  on  West  Branch.  Numerous  speci- 
mens of  fucoid  stems  and  Spirophyton  occur  in  the  upper  surface  of 
certain  sandstone  layers,  as  well  as  grains  of  iron  pyrites.  Some 
of  the  more  even-bedded,  light  blue  sandstone  layers  above  the  bridge 
contain  a  considerable  number  of  specimens  of  Spirifer  disjunctus  Sowb.; 
also  specimens  of  Camarotcechia  orbicularis  Hall,  C.  contracta  Hall, 
C.  eximia  Hall  (?),  a  few  of  Strophalosia  muricata  (Hall)  B.eecher,  of 
Pelecypods  as  Liopteria  sp.  and  a  single  specimen  of  a  very  large  Orbic- 
uloidea. 

The  complete  list  of  species  collected  at  this  locality  from  both 
below  and  above  the  bridge  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Camarotcechia  contracta  Hall (c) 

3.  Camarotcechia  orbicularis  Hall (c) 

4.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms. (c) 

5.  Strophalosia  muricata  (Hall)  Beecher (r) 

Some  of  the  ventral  valves  are  more  gibbous  than  most  spec- 
imens; but  show  the  six  spines  on  the  hinge  line  on  each 
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side  of  apex.  Possibly  they  are  Product ella  lachrymosa 
(Con.)  Hall  and  the  spines  are  a  little  below  the  hinge 
line;  but  it  does  not  look  as  though  their  position  is  such. 
A  dorsal  valve  is  clearly  truncate  at  the  beak. 

6.  Productella  lachrymosa  (Con.)  Hall (rr) 

7.  Romingerina  (Centronella)  julia  Winch  (?) (rr) 

This  species  was  identified  by  Prof.  H.  S.  Williams  in  the 
Chemung  of  southwestern  New  York. 

8.  Lingulasp. (rr) 

9.  Orbiculoidea  alleghania  (Hall)  Schuchert (rr) 

10.  Mytilarca  sp. (rr) 

11.  Leptodesma  cf.  longispinum  Hall (rr) 

12.  Modiomorpha  cf .  tioga  Hall (rr) 

This  specimen  is  46  mm.  long  and  24  mm.  high;  while  the  one 
described  by  Professor  Hall  is  50  mm.  long  and  24  mm. 
high. 

13.  Euomphalus  (Straparollus)  hecale  Hall (r) 

A  small  run  on  the  farm  of  S.  K.  Swain  crosses  the  highway  2J 
miles  south  of  Monroe  Center.  Above  the  bridge,  light  blue,  fine- 
grained sandstones,  alternating  with  blue  shales  are  shown.  Some 
of  the  sandstone  layers  are  ripple-marked.  Specimens  of  Spirifer  dis- 
junctus  Sowb.,  Camarotcechia  contracta  Hall,  Productella,  and  Dalmanella 
tioga  (Hall)  Wms.  var.  elmira  Wms.  were  found.  The  complete  list  of 
species  collected  at  this  locality  is  as  follows: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Athyris  polita  Hall (a) 

3.  Camarotcechia  contracta  Hall (c) 

4.  Camarotoechia  orbicularis  Hall   -  (c) 

5.  Liorhynchus  newberryi  Hall   (c) 

6.  Liorhynchus  ashtabulense  n.  sp. (c) 

7.  Liorhynchus  mesicostale  Hall (rr) 

8.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms. (c) 

9.  Romingerina  (Centronella)  julia  Winch (rr) 

10.  Chonetes  minutus  n.  sp. (c) 

11.  Productella  hirsuta  Hall  (?) ---  (r) 

12.  Productella  lachrymosa  Hall (rr) 

Itiside  of  dorsal  valve. 

13.  Euomphalus  (Straparollus)  hecale  Hall (rr) 

Rocks  are  shown  in  the  bank  of  West  Branch  Ashtabula  River, 
both  above  and  below  the  iron  bridge  on  the  east  and  west  road 
one  mile  north  of  Gould.  A  small,  but  sharp  anticlinal  fold  occurs  a 
few  rods  below  the  bridge,  and  a  little  farther  down  stream  in  thin- 
bedded  sandstones  are  ripple-marks.  This  is  a  good  locality  for  fossils 
and  the  following  species  were  obtained: 

1.  Spirifer  disjunctus  Sowb. (a) 

2.  Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms (aa) 

3.  Camarotcechia  contracta  Hall (a) 

4.  Camarotcechia  orbicularis  Hall   _  (c) 
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5.  Camarotcechia  stephani  Hall (r) 

6.  Athyris  polita  Hall  ___  (c) 

7.  Liorhynchus  ohioense  (?)  n.  sp. (r) 

8.  Chonetes  setiger  Hall  _  _  _  (r) 

9.  Productella  lachrymosa  (Con. )  Hall (rr) 

10.  Strophalosia  muricata  (Hall)  Beecher  (r) 

11.  Euomphalus  (Straparollus)  hecale  Hall (c) 

12.  Orthoceras  sp. (rr) 

Small  form. 

13.  Lyriopecten  cf .  magnificus  Hall  (rr) 

A  broken  specimen. 

Kelloggsville,  Pierpont  and  Jefferson  are  three  of  the  localities 
specifically  mentioned  by  Dr.  Newberry  from  which  fossils  had  been 
collected  in  the  Erie  shale.  His  complete  statement  is  as  follows: 

" Kelloggsville,  Ashtabula,  Pierpont,  Morgan,  Rome  and  Jeffer- 
son, may  be  mentioned  as  localities  from  which  interesting  fossils  have 
been  obtained  in  the  Erie  shale.  They  consist  of  Leiorhyncus  mesa- 
costalis,  L.  quadricosta,  Spirifera  disjuncta,  S.  alia,  &c.,  &c.  With 
these  and  some  others  which  are  well  known  Chemung  fossils  of  New 
York,  are  many  new  species.  *  *  *  *  The  Erie  shales  are  the 
extension  westward  of  the  Chemung,  and  upper  half  of  the  Portage 
Groups  of  New  York,  here  diminished  in  thickness,  more  argillaceous 
in  composition,  and  so  blended  as  to  be  inseparable."1  In  an  earlier 
portion  of  the  report  in  the  chapter  on  the  "Devonian  System"  Dr. 
Newberry  wrote  as  follows  concerning  the  fossils  of  the  Erie  shale: 

"The  list  of  species  new  and  old  which  we  have  found  in  the 
formation  is  not  a  long  one,  but  in  some  localities  the  individuals  of 
some  species  are  very  numerous.  Near  Kelloggsville  and  at  Ashta- 
bula in  Ashtabula  county,  some  thin  sheets  of  impure  limestone  con- 
tained in  the  Erie  shale  are  not  only  filled  but  composed  of  the  shells 
of  a  new  species  of  Leiorhynchus  (L.  Newberryi  Hall).  In  Jefferson, 
Morgan  and  Pierrepoint  [Pierpont]  in  the  same  county,  Spirifer  dis- 
junctus,  S.  altus,  Orthis  Tioga,  Productella  speciosa,  Leiorhynchus  me- 
sacostalis,  and  species,  probably  new,  of  Meristella  and  Euomphalus 
are  locally  very  abundant."2 

Dr.  Newberry  described  the  Erie  shale  as  follows : 

"I  designate  by  this  name  a  group  of  greenish  or  bluish  argilla- 
ceous shales  which  form  the  Lake  shore  from  the  Pennsylvania  line  to 
Avon  point.  The  base  of  this  series  on  the  eastern  margin  of  the  state 
is  below  the  Lake  level,  so  we  have  no  means  of  ascertaining  what  its 
precise  thickness  is  in  that  vicinity."3  On  the  following  page,  how- 
ever, Dr.  Newberry  reported  that  "on  the  eastern  border  of  the  state, 
the  Erie  shale  has  a  thickness  of  nearly  1,000  feet." 

iGeol.  Surv.  Ohio,  Vol.  I,  p.  488,  f.  n. 
'Ibid.,  p.  166. 
3Ibid.,  p.  163. 
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On  the  "Geological  Map  of  the  State  of  Ohio,"  prepared  by  Dr. 
J.  S.  Newberry,  and  published  in  1879,  all  of  Ashtabula  County,  with 
the  exception  of  the  southeastern  and  southwestern  corners,  was  repre- 
sented as  underlain  by  the  Erie  shale;  for  which  name  on  account  of  its 
preoccupation,  the  writer  has  proposed  the  one  of  Chagrin  formation. 
In  this  Erie  shale  area  was  included  all  of  the  townships  of  Conneaut, 
Kingsville,  Monroe,  Pierpont,  Jefferson  and  Austinburg,  which  have 
been  under  discussion  in  the  preceding  pages.  The  boundary  of  this 
formation  has  remained  practically,  if  not  quite,  the  same  on  all  the 
succeeding  geological  maps  of  Ohio,  which  is  also  true  of  the  last  one 
published  by  Dr.  J.  A.  Bownocker,  in  1909,  only  on  the  legend  it  appears 
under  the  name  of  the  Olentangy  and  Ohio  shales. 

To  the  east  of  the  northern  half  of  Monroe  Township  is  Conneaut 
Township,  Erie  County,  and  the  northern  part  of  Beaver  Township, 
Crawford  County,  Pennsylvania,  and  this  area  is  represented  by  Dr. 
White  on  the  "Geological  Map  of  Crawford  and  Erie  Counties"  as 
underlain  by  the  Chemung  flags.  In  the  description  of  Conneaut 
Township,  Erie  County,  it  is  stated  that  "the  whole  township  is  one 
bed  of  Drift,  which  buries  the  rocks  so  deeply  that  the  streams  seldom 
cut  down  to  the  rock  strata  concealed  beneath  it.  Occasionally  ex- 
posures, however,  show  that  all  the  hills  are  too  low  to  catch  the  Third 
Oil  Sand',  and  that  all  the  surface  rocks  of  the  township  are  Chemung 
flags:  Conneaut  creek  not  cutting  quite  down  to  the  Girard  Shale."1 

On  the  legend  of  the  "Geological  Map  of  Crawford  and  Erie  Coun- 
ties" Dr.  White  described  the  Chemung  flags,  which  are  given  as  325 
feet  thick,  as  follows:  "A  succession  of  shales  and  flaggy  sandstones 
very  fossiliferous  with  characteristic  Chemung  species  at  upper  half 
but  all  animal  fossils  disappearing  towards  the  base  of  the  series."2 

In  the  chapter  on  the  "Middle  Devonian  Rocks"  Dr.  White  de- 
scribed the  Chemung  as  follows:  "Alternate  groups  of  shale  and  sand- 
stone; fossiliferous,  especially  in  the  upper  half,  with  a  thin  limestone 
layer  at  the  bottom;  thickness  say  325';  outcrop  along  the  Lake  Erie 
slope.  *  *  *  * 

''Some  tolerably  massive  sandstone  layers  occur  in  the  upper  part 
of  the  series;  but  no  pebbles — nothing  coarser  than  sand  grains — have 
been  noticed. 

"Fossil  forms  (except  fucoids)  are  wholly  wanting  at  the  base  of  the 
series;  increase  in  number  upwards;  and  become  very  abundant  through 
the  upper  175' ;  with  numerous  spirifer  beds,  two  of  which  are  specially 
mentioned  in  the  section. 

Rhynchonella  contracta,  Leiorhynchus  Newberryi,  Spirifer  dis- 
juncta[us],  Spirifer  mesocostalist  Productella  hirsuta,  Produdella  lachry- 
mosa  ?  Productella  Boydii,  are  the  common  forms.  Atrypa  hystrix  and 
many  other  genuine  Chemung  types  occur."3 

'Second  Geol.  Surv.  Pa.,  Q4,  pp.  254,255. 
2Ibid.,  Sheet  2. 
3Ibid.,  pp.  117,  118. 
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Dr.  White  preferred  to  correlate  these  Chemung  flags  with  the 
lower  Chemung  of  New  York,  and  to  consider  the  super jacent  Venango 
oil  sand  group  as  representing  the  upper  Chemung.1  Professor  Lesley, 
however,  did  not  accept  this  correlation,  but  apparently  favored  the 
opinion  of  Mr.  Ashburner  in  correlating  them  with  the  Catskill.2 

The  Venango  group  was  mapped  as  covering  the  central  part  of 
Beaver  Township,  Crawford  County,  Pennsylvania,  which  lies  to  the 
east  of  the  southern  half  of  Monroe  Township.  Under  the  description 
of  Beaver  Township,  Dr.  White  stated  that  "the  rocks  exposed  belong 
entirely  to  the  Venango  Oil  Sand  group,  and  near  the  northern  line  of 
the  township  the  Third  sand  horizon  lies  within  a  few  feet  of  the  sur- 
face."3 The  Venango  oil  sand  group  was  described  by  Dr.  White  as 
consisting  of  the  following  members:  The  Venango  upper  sand  (First 
Oil  Sand),  20  to  30  feet  in  thickness,  which  in  Erie  County  consists 
simply  of  sandy  deposits,  "in  other  words  sandy  shales  or  flags  occur 
among  the  finer  muddy  shales  *  *  *  *  But  in  no  case  have  I 
seen  coarse  or  pebbly  strata."4  At  Meadville  20  to  25  feet  of  sandstone 
flags  rise  out  of  French  Creek  "and  are  easily  traceable  by  frequent 
exposures  northward.  *  *  *  * 

Productella  Boydii,  Aviculopecten  suborbicularis,  Pteronites,  sp.? 
and  Spirifer  disjuncta  (all  of  them  considered  good  Chemung  types) 
I  have  collected  from  this  horizon  in  my  district."5 

Next  below  is  the  Venango  upper  shale  which  consists  of  "Pale  blue 
shales,  90'  to  100'  thick,  [that]  underlie  the  Upper  Sand  everywhere 
through  Erie  county."6 

These  shales  are  underlain  by  the  Venango  middle  sandstone 
(Second  Oil  Sand)  which  is  perhaps  20  feet  in  thickness,  and  it  is  stated 
that  "this  horizon  makes  little  show  in  Erie  county,  being  merely 
marked  (everywhere)  by  a  greater  number  of  sandy  shales  or  flagstone 
layers,  in  the  mass  of  softer  shales.  *  *  *  *  Nowhere  have  I 
found  it  a  sandstone  mass,  or  seen  it  exhibit  a  layer  of  pebbles."7 

Next  below  are  the  Venango  lower  shales,  and  it  is  stated  that 
"in  the  interval  of  from  100'  to  125'  between  the  Venango   Middle  and 
Lower  sandstones,  lie  blue,  gray  and    brown  shales,  very  fossiliferous. 
Sometimes  the  whole  interval  wears  a  dark  colored  aspect. 

(( Rhynchonella  contracta,  Streptorhynchus  Chemungensis.  Leio- 
rhynchus  mesacostalis,  Productella  Boydii,  Spirifer  disjuncta,  and  many 
other  distinctively  Chemung  types  which  I  could  not  specifically  iden- 
tify are  scattered  through  the  interval."8 

ilbid.,  p.  117. 
*Ibid.,  pp.  IX-XI. 
•Ibid.,  p.  210. 
4Ibid.,  p.  102. 
5Loc.  cit. 
6Ibid.,  p.  103. 
7Loc.  cit. 
8Ibid.,  p.  104. 
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Finally,  constituting  the  base  of  the  group  is  the  Venango  lower 
sandstone  (LeBoeuf  conglomerate,  Panama,  conglomerate  [of  New  York], 
Third  Oil  Sand).  Dr.  White  stated  that  "oil  well  borings  between 
Titusville  and  Lake  Erie  enable  me  to  identify  the  famous  'Third  Sand' 
of  the  oil  region  with  the  outcrop  of  a  remarkable  set  of  sand  rocks  cap- 
ping the  Great  Divide  overlooking  Lake  Erie.  *  *  * 

"I  have  traced  this  deposit  across  Erie  county  from  the  Ohio  line 
to  the  New  York  State  line."1 

On  the  " Geological  Map  of  Pennsylvania"  prepared  by  A.  D.  W. 
Smith,  under  the  direction  of  J.  P.  Lesley,  and  published  in  1893,  the 
Portage  flags,  Girard  shale  and  Chemung  are  not  separated,  but  are 
represented  by  the  color  used  for  No.  VIII,  of  the  Pennsylvania  Survey, 
which  includes  all  of  the  New  York  formations  from  the  Corniferous 
(Onondaga)  limestone  to  the  Chemung  formation  inclusive.  The^area 
mapped  as  the  "Venango  Oil  Sand  Group"  by  Dr.  White  appears 
on  the  State  Geological  Map  of  1893  as  the  Catskill  (No.  IX  of  the 
Pennsylvania  Survey). 

The  Warren  Folio2  by  Charles  Butts,  has  recently  appeared  covering 
the  northeastern  part  of  Warren  County,  which  is  the  next  one  east  of 
Crawford  and  Erie  counties  in  Pennsylvania,  and  south  of  Chautau- 
qua  and  Cattaraugus  counties  in  New  York.  In  this  quadrangle  the 
Portage  formation  is  unexposed,  but  from  well  records  its  thickness  is 
given  as  1,330  feet,  in  the  upper  part  of  which  is  the  well  known  Brad- 
ford oil  sand.  The  Chemung  formation  is  next  in  ascending  order 
composed  of  shales  and  sandstones,  with  a  thickness  of  1,120  feet.  The 
lower  part  of  the  formation  is  unexposed,  and  contains  the  Warren 
group  of  oil  sands.  A  large  part  of  the  upper  450  feet  of  the  forma- 
tion consists  of  purplish  or  chocolate  colored  rock,  which  the  drillers 
call  "pink  rock,"  and  its  upper  limit  is  taken  for  the  top  of  the  forma- 
tion. Fossils  are  abundant  throughout  the  formation,  among  which 
are  "such  highly  characteristic  Chemung  species  as  Spirifer  mesacos- 
talis,  Schuchertella  (Orthothetes)  chemungensis,  Athyris  angelica,  Cho- 
netes  scitulus,  Grammysia  communis,  Mytilaria  chemungensis,  a  number 
of  species  of  Productella,  Leptodesma,  Aviculopecten,  and  Pterino- 
pecten."3 

It  is  stated  that  this  characteristic  Chemung  fauna  does  not  con- 
tinue above  the  chocolate  rocks,  which  are  succeeded  by  a  different 
phase  of  sedimentation.  To  the  northeast,  in  the  Olean,  New  York, 
region,  it  begins  with  the  Wolf  Creek  conglomerate  of  the  New  York 
State  Survey.  These  rocks  are  named  the  Conewango  formation  be- 
cause they  form  the  valley  walls  of  Conewango  Creek  from  Warren  north 
to  the  State  line,  with  a  thickness  of  about  550  feet.  Near  the  middle 
of  the  formation  is  a  persistent  flat-pebble  conglomerate  known  as  the  Sala- 
manca from  the  fine  exposures  north  of  Salamanca,  New  York,  which  Mr. 

'Ibid.,  pp.  104-106. 

*U.  S.  Geol.  Survey,  Geol.  Atlas,  No.  172,  1910. 

3Ibid.,  library  ed.,  p.  3,  col.  3. 
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Butts  considers  probably  "the  same  as  the  Venango  third  oil  sand."1  He 
also  states  that  "there  is  a  marked  change  in  the  fossils  at  the  boundary  of 
the  Conewango  and  Chemung  formations.  The  most  characteristic  spe- 
cies of  the  genus  Ptychopteria  which  come  in  at  the  base  of  the  forma- 
tion and  continue  to  the  top,  but  are  unknown  in  this  region  either 
above  or  below  the  Conewango.  *  *  *  *  Westward,  in  Ohio, 
the  presence  of  Ptychopteria  in  the  Chagrin  ('Erie')  shale  indicates  the 
equivalence  of  parts,  at  least,  of  the  Chagrin  ('Erie')  and  Conewango 
formations." 

The  name  of  the  Conewango  formation,  however,  was  published 
two  years  before  the  appearance  of  this  folio  and  in  a  general  way  it  was 
correlated  with  the  Catskill  formation  of  eastern  New  York  and  Pennsyl- 
vania and  the  upper  Erie  shale  of  Ohio.  The  statement  of  Mr.  Butts 
concerning  its  correlation  to  the  eastward  was  as  follows:  "The  'Cone- 
wango and  Catskill'  formations  are,  in  part,  at  least,  contemporaneous, 
though  differing  much  in  lithologic  and  paleontologic  character.2  Re- 
ferring to  its  correlation  to  the  westward,  Mr.  Butts  wrote  as  follows: 
"The  rocks  below  the  Olean  in  New  York  and  western  Pennsylvania 
which  were  named  the  Knapp,  Oswayo  and  Cattaraugus  beds  by 
Glenn,  and  are  here  called  Knapp  and  Conewango  formations,  carry 
an  entirely  distinct  assemblage  of  fossils  from  the  Waverly  rocks  of 
Ohio,  and  the  writer  was  unable  to  correlate  them  with  any  previously 
described  rocks.  Girty's  work  shows  that  they  are  to  be  correlated 
with  the  upper  part  of  the  Erie  shale  of  Ohio,  which  carry  some  of  the 
highly  characteristic  fossils  of  the  Conewango  rocks,  though  that  fact 
has  not,  to  the  writer's  knowledge,  been  published."3 

The  Conewango  formation  is  succeeded  by  the  Knapp  formation 
of  the  New  York  State  Survey  which  in  the  Warren  quadrangle  is  re- 
ported as  "composed  of  three  members,  a  conglomerate  20  to  30  feet 
thick  at  the  bottom,  a  bed  of  shale  and  thin  fine-grained  sandstone  10 
to  40  feet  thick  in  the  middle  and  a  conglomerate  20  to  60  feet  thick  at 
the  top."4  Mr.  Butts  stated  that  "the  Knapp  formation  through- 
out the  northern  part  of  the  Wrarren  quadrangle  and  eastward  through- 
out the  northern  part  of  McKean  County  has  long  been  known  in  the 
Pennsylvania  state  reports  as  the  'Sub-Olean  conglomerate.'  "5 

Mr.  Butts  also  stated  that  "it  is  a  mooted  question  whether  the 
Conewango  and  Knapp  formations  *  *  *  should  be  included 
in  the  Devonian  or  in  the  Carboniferous  system.  They  have  generally 
been  included  in  the  Devonian  and  they  certainly  contain  Devonian 
fossils.  However,  a  marked  faunal  change  takes  place 

at  the  base  of  these  rocks.  Most  of  the  forms  occurring  so  abundantly 
in  the  Chemung  do  not  appear  in  later  beds  but  are  succeeded  by  new 
forms,  some  of  which  have  decided  Carboniferous  affinities.  When  this 

ilbid.,  p.  4,  col.  3. 

'Top.  and  Geol.  Surv.  Pa.,  1906-1908,  1908,  p.  198. 

3Ibid.,  p.  191. 

4U.  S.  Geol.  Survey,  Geol.  Atlas,  No.  172,  p.  5.  col.  1. 

5Ibid.,  p.  5,  col.  2. 
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fauna  was  first  studied  at  all  carefully,  by  Clarke  and  Butts,  the  opinion 
was  expressed  that  these  rocks  might  best  be  regarded  as  Carbonifer- 
ous, a  view  that  has  since  been  supported  by  more  thorough  study.  It 
seems  best  to  treat  them,  therefore,  under  the  term  Devono-Carbon- 
iferous  rocks,  by  which  their  doubtful  position  is  indicated."1 

The  undoubted  Carboniferous  is  introduced  by  a  fossiliferous 
sandstone  from  2  to  5  feet  in  thickness,  which  is  correlated  with  the 
Berea.  Mr.  Butts'  statement  is  as  follows: 

"Nothing  that  can  be  identified  as  the  red  Bedford  shale  of  Ohio  has 
been  seen  in  the  Warren  region.  In  Ohio  the  Berea  sandstone  (grit) 
overlies  the  Bedford  shale  and  is  5  to  175  feet  thick.  The  Berea  sand- 
stone has  been  traced  eastward  from  Ohio  by  Girty  and  found  to  be 
the  same  as  the  'Corry'  sandstone  at  Corry,  Pa.  Identifying  it  by  its 
abundant  and  highly  characteristic  fauna,  he  was  able  to  follow  it  still 
farther  east  into  this  [Warren]  quadrangle.  It  has  not  been  seen  ex- 
posed in  place  in  the  quadrangle,  but  loose  pieces  of  sandstone,  crowded 
with  its  fossils,  have  been  found  at  many  points  in  such  position  as  to 
indicate  that  their  parent  bed  immediately  overlies  the  upper  member 
of  the  Knapp  formation,  whether  that  be  conglomerate  or  sandstone."2 

Two  years  earlier,  Mr.  Butts  had  called  attention  to  this  correla- 
tion when  he  stated  that  "in  1904  Geo.  H.  Girty  completed  studies  in 
northeastern  Ohio  and  northwestern  Pennsylvania  which  enabled  him 
to  identify  the  Berea  sandstone  of  Ohio  with  the  Corry  sandstone  of 
Pennsylvania,  and  to  trace  the  latter  definitely  by  its  very  character- 
istic assemblage  of  fossils  to  the  Allegheny  river  at  Warren,  where  it, 
in  places,  lies  close  below  the  Olean  conglomerate,  the  latter  bed  in 
places  lying  on  beds  below  the  Berea  on  account  of  the  erosional  un- 
conformity in  the  region."8 

The  succeeding  green  shales,  thin,  fine-grained  green  sandstones 
and  flat-pebble  conglomerates,  varying  in  thickness  from  5  to  200  feet, 
are  "believed  to  be  the  stratigraphic  equivalent  of  the  Cuyahoga  of  Ohio 
as  the  term  was  originally  applied."  The  formation  is  only  a  few  feet 
in  thickness  north  of  the  Allegheny  River;  but  increases  to  more  than 
200  feet  at  the  south  margin  of  the  quadrangle  and  contains  two  or 
three  conglomerate  layers  "from  2  to  10  feet  thick  and  about  60  feet 
apart  vertically.  It  is  likely  that  each  of  these  beds  has  passed  as  'sub- 
Olean  conglomerate'  at  some  point  or  other  in  the  region,  the  upper- 
most one  being  at  least  200  feet  above  the  Knapp  formation,  which  is 
also  called  'sub-Olean  conglomerate'  where  it  outcrops  along  the  river 
bluffs.  The  presence  of  these  conglomerates  gives  to  the  Cuyahoga 
formation  an  aspect  quite  different  from  that  which  it  has  farther  west 
and  southwest."4 

Correlation  of  the  Ashtabula  County  Chagrin*—  A  list  of  all  the 
fossils  which  have  yet  been  identified  by  the  writer  from  the  Chagrin 


.,  p.  4,  col.  1. 
'Ibid.,  p.  5,  col.  2. 

3Top.  and  Geol.  Surv.  Pa.,  1906-1908,  1908,  p.  191. 
4U.  S.  Geol.  Survey,  Geol.  Atlas,  No.  172,  p.  6/col.  3. 
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formation  of  Ashtabula  County  has  been    compiled,   and   with  their 
range  is  given  in  the  following  table: 

List  of  Chagrin  fossils  from  Ashtabula  County,  Ohio,  with  Range1 


Names  of  Formations 

Mar- 
cel- 
lus 

la  m  - 
ilton 

Gen- 
esee 

Itha- 
ca 

Che- 
mung 

Cha- 
grin 
of 
Ohio 
only 

Wav- 
erly 
series 

Mis- 
sis- 
sip- 
pian 

1.   Amboccelia  umbonata  (Con.)  Hall 
var.  gregaria  Hall      __ 

X 
X 
X 
X 
X 

X 
X 
X 

2.  Athyris  polita  Hall  

3.   Camarotoechia  contracta  Hall  ___ 
4.   Camarotoechia  orbicularis  Hall  
5.   Camarotoechia  stephani  Hall  

X 



X 



X 

6.   Romingerina    (Centronella)    julia 
Winch.  (?)                 .        

X 

7    Chonetes  scitulus  Hall2 

X 
X 

X 
X 

8    Chonetes  setiger  Hall 

X 

X 

X 

9    Chonetes  minutus  n  sp 

X 

10.   Cyrtia  alta  Hall   

X 
X 
X 

X 

11     Dalmanella  leonensis  Hall 

12    Dalmanella  tioga  (Hall)Wms. 

13.   Dalmanella  tioga  (Hall)  Wms.  var. 
elmira  Wms. 

14.   Liorhynchus  ashtabulense  n.  sp.  __ 
15.   Liorhynchus  clarkei  n.  sp.  . 

X 
X 

16.   Liorhynchus  mesicostale  Hall  
17.   Liorhynchus  newberryi  Hall  _  __ 

X 

X 

X 
X 

18    Liorhynchus  ohioense  n  sp 

19.   Orbiculoidea     alleghania      (Hall) 
Schuchert  _  _                  

X 
X 
X 
X 

X 
X 
X 

X 
X 

X 

20.   Productella  boydi  Hall  (?)  

21     Productella  hirsuta  Hall 

22.   Productella  lachrymosa  (Con.  )Hal 
23.   Productella  lachrymosa  var.  lima 
Con. 

24.   Reticularia    prsematura    (  H  a  1  1  ^ 
Schuchert 

25.   Schizophoria     striatula       (Schlo- 
theim)  Hall  and  Clarke3  . 

X 

26.   Schuchertella  chemungensis  (Con.) 
Girty 

27.   Spirifer  disjunctus  Sowb. 

X 

28.   Strophalosia   muricata    (Hall) 
Beecher 

29.   Syringothyris    texta    (Hall    )var. 
chemungensis  Gushing 

X 

30.   Grammysia  cf.  undata  Hall  _  _  __ 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 

31.    Leptodesma  cf.  longispinum  Hall. 
32.   Lyriopecten  cf.  magnificus  Hall  __ 

33.    lyiodiomorpha  cf.  tioga  Hall__  . 

34.   Pararca  sao  Hall 

35.   Pararca  cf.  venusta  Hall 

36.   Pterinopecten  neptunis  Hall  (?) 

37.   Spathella  cf.  typica  Hall  _ 

X 

38.   Sphenotus  contractus  Hall  

39.    (?)  Cyclonema  cf.  obsolescens  Hal] 
40.   Euomphalus    (Straparollus)  hecale 
Hall  

X 

JThe  range  of  the  Brachiopods  is  taken  mainly  from  Professor  Schuchert's  Syn- 
opsis of  American  Fossil  Brachiopoda  and  that  of  the  other  species  from  the  volumes 
of  the  Palaeontology  of  New  York. 

2Professor  Herrick  reported  this  species  in  the  Cuyahoga  formation  of  central 
Ohio;  see  Bull.  Sci.  Lab.  Danison  Univ., .Vol.  Ill,  1888,  p.  36,  pi.  1,  fig.  4. 

3Professor  Schuchert  gives  the  the  range  of  this  species  as  "Middle  and  Upper 
Devonian.'1 
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In  the  above  table  there  are  40  entries,  of  which  30  species  and 
varieties  are  identified  without  queries;  but  6  of  these  are  confined 
to  the  Chagrin,  leaving  24  for  consideration  in  reference  to  correlation. 
Of  these  24  species  and  varieties,  16  or  nearly  66f  per  cent  are  confined 
to  the  Chemung  formation.  Spirifer  disjunctus  Sowb.  is  not  included 
in  the  above  16,  since  it  is  reported  in  the  Mississippian  of  southwestern 
New  York,  although  it  has  generally  been  considered  one  of  the  most 
characteristic  Upper  Devonian  species  of  both  America  and  Europe. 
Four  other  species  are  reported  only  in  the  Ithaca  and  Chemung  forma- 
tions, making  20  in  all  confined  to  the  Upper  Devonian,  which  is 
83 i  per  cent  of  the  number  with  a  distribution  outside  of  Ohio.  If 
the  forms  identified  with  a  ?  (question  mark),  and  those  compared 
with  a  species  are  included,  then  there  is  a  total  of  40  entries,  of  which 
6  are  confined  to  the  Chagrin,  leaving  34  for  consideration.  Eight  of 
the  species  with  which  Ohio  forms  are  doubtfully  identified  or  compared 
are  confined  to  the  Chemung  formation,  which  makes  24  or  70J 
per  cent  of  the  34  entries.  Furthermore,  with  the  exception  of  the 
forms  limited  to  the  Ohio  Chagrin,  every  one  of  the  species  is  found 
in  the  Chemung  formation  of  either  New  York  or  Pennsylvania;  this 
is  true  of  those  occurring  in  other  formations  as  well  as  those  confined 
to  the  Chemung.  It  is  to  be  noted,  therefore,  that  34  forms  of  the 
entire  list  of  40  or  85  per  cent  of  the  total  Chagrin  fauna  of  Ashtabula 
County  is  found  in  the  Chemung  formation  of  New  York  and  Pennsyl- 
vania. An  inspection  of  the  above  table  and  the  facts  deduced  from 
it  appears  to  the  writer  to  show  that  the  fossiliferous  portion  of  the 
Chagrin  formation  of  Ashtabula  County  in  northeastern  Ohio  is  the 
western  continuation  of  the  Chemung  formation  of  New  York. 


CHAPTER   V 
THE  ROCKY  RIVER  VALLEY 

As  has  already  been  explained  in  the  Introduction,  this  bulletin  begins 
with  a  consideration  of  the  formations  found  along  the  Cuyahoga  River 
and  its  tributaries,  which  are  then  followed  to  the  eastward  across  the 
northern  part  of  Ohio  into  Pennsylvania.  In  this  chapter  the  forma- 
tions west  of  the  Cuyahoga  Valley  will  be  described  as  exposed  along  the 
Rocky  River  and  its  branches  in  western  Cuyahoga,  eastern  Lorain 
and  northern  Medina  counties.1 

Rocky  River  is  formed  by  the  union  of  the  East  and  West  Branches 
of  Rocky  River  in  Olmsted  Township  in  the  western  part  of  Cuyahoga 
County,  and  flows  in  a  general  northerly  direction,  entering  Lake  Erie 
in  Rockport  Township,  some  7  miles  west  of  the  Cuyahoga  River.  The 
West  Branch  rises  in  the  high  ground  of  the  northeastern  part  of  Medina 
County,  while  the  East  Branch  rises  in  the  high  ground  of  the  south- 
western part  of  Cuyahoga  County  in  Royalton  Township.  From  the 
outcrops  of  Berea  grit  in  Middleburg  and  Olmsted  townships  to  the 
junction  of.  the  East  and  West  Branches  their  banks,  in  general,  are. 
high  with  rocky  cliffs,  and  this  is  also  true  for  the  remainder  of  the  dis- 
tance to  Lake  Erie. 

As  may  be  inferred  from  the  above  statement,  the  name  is  an  ap- 
propriate one,  and  the  river  with  its  branches  and  their  tributaries 
affords  many  excellent  sections  of  the  formations  which  it  crosses.  This 
was  early  recognized  by  geologists  and  the  Cuyahoga  County  report  by 
Dr.  Newberry  contains  the  following: 

Section  of  Rocks  in  the  Valley  of  Rocky  River,  from  Berea  to  Lake  Erie. 

Feet 

1.  Drift  clay 6-12 

2.  Cuyahoga  shale,  with  Lingula,  Discina,  etc. 10 

3.  Berea  grit,  upper  bench  shelly,  lower  massive 60 

4.  Red  shale  with  thin    calcareous    bands  containing  Macrodon 

and  Lingula  _, 15 

5.  Gray  shale,  no  fossils  seen 60 

6.  Black  bituminous  shale  with  fish  scales    (Cleveland    shale); 

northern  outcrop  at  second  bridge  above  mouth  of  Rocky 
River 50 

7.  Gray  and  green  shales,  with  thin  bands  of  sandstone,  no  fossils 

seen  (Erie  shale) 100 

8.  Lake  surf  ace.  "2 


iRocky  RiVer  is  the  first  one  west  of  the  Cuyahoga  and  bears  much  the  same 
relation  to  it  as  does  the  Chagrin  River  on  the  east. 
'Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 
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Then  Dr.  Newberry  went  on  to  say  that  "the  old,  clay  filled  valley 
of  Rocky  River  is  cut  into  by  the  new  valley,  at  the  second  bridge  from 
the  Lake,  in  Rockport.  There  the  east  side  of  the  gorge  is  composed 
of  the  Erie  and  Cleveland  shales,  the  west  side  of  clay."1 

Rocky  River* — Rocky  River  is  formed  by  the  junction  of  the  East 
and  West  Branches  at  Olmsted  in  the  northeastern  corner  of  Olmsted 
Township.  From  this  locality  to  Lake  Erie  at  the  moufch  of  the 
river  it  is  only  about  6|  miles  in  a  straight  line,  but  on  following 
the  river  the  distance  is  increased  to  about  12  miles  on  account  of 
the  many  bends  and  oxbows  in  its  course  For  the  greater  part  of 
this  distance  it  is  bordered  by  steep  banks,  frequently  about  a 
hundred  feet  in  height,  which  along  the  northern  part  of  its  course  rise 
in  general  rather  abruptly  from  the  stream.  Along  the  southern 
course  of  the  main  river  there  is  more  of  a  flood  plain,  which  occasion- 
ally reaches  the  width  of  half  a  mile. 

The  most  northern  highway  and  electric  bridge  on  Rocky  River 
is  located  one-half  mile  above  its  mouth,  opposite  Clifton  Park.  The 
western  cliff  at  this  locality  is  steep,  and  as  leveled  by  Mr.  Flory  is  97J 
feet  high.  The  greater  part  of  this  cliff  is  in  Dr.  Newberry's  upper 
division  of  the  Erie  shale,  which  he  stated  "is  carried  down  to  the  Lake 
surf  ace  just  east  of  the  mouth  of  Rocky  River,  and  forms  the  cliffs  bor- 
dering this  stream  at  its  mouth,  and  for  two  or  three  miles  above,"2 
with  a  thickness  of  nearly  100  feet.  Dr.  Newberry  in  his  section  of 
the  rocks  in  the  valley  of  Rocky  River  gave  100  feet  of  Erie  shale,  which 
was  described  as  composed  of  "gray  and  green  shales  with  thin  bands 
of  sandstone,  no  fossils  seen."3  The  greater  part  of  the  cliff  is  com- 
posed of  blue,  gray  and  some  greenish  shales,  which  are  both  argilla- 
ceous and  arenaceous;  and  alternating  with  these  are  layers  of  thin 
micaceous  sandstones  which  run  up  to  6  inches  and  perhaps  more  in 
thickness.  Some  of  these  sandstones  split  into  a  large  number  of  thin 
layers,  and  are  often  gray  or  bluish-gray  in  color.  The  ironstone  cal- 
careous layers  characteristic  of  the  lower  division  were  not  noticed  to 
any  extent  in  this  bank.  The  shales  are  the  predominating  part  of  it 
and  the  sandstone  is  secondary.  Apparently  the  upper  part  of  the  cliff 
is  composed  of  black  shale  with  the  lithologic  character  of  the  Cleve- 
land, judging  from  the  large  number  of  small  pieces  on  the  talus  bank. 
Also  as  seen  from  the  bridge  there  is  some  10  feet  of  darker  and  appar- 
ently harder  shale  forming  the  top  of  the  cliff.  An  assistant — Mr. 
T.  G.  Roderick — reached  this  shale  at  one  point  from  the  top  of  the 
bank  and  found  it  black;  but  he  reported  that  there  was  also  gray  shale. 
A  man  familiar  with  that  locality  said  that  in  the  sewers  and  other 
excavations  along  the  street  parallel  with,  and  west  of,  the  river  there 


'Ibid.,  p.  198. 
"Ibid.,  p.  163. 
3Ibid.,  p.  197. 


GEOLOGICAL  SURVEY  OP  OHIO.  467 

is  about  10  feet  of  black  shale  with  blue  below  it.  The  upper  part  of 
the  bank  appears  to  show  some  such  line  of  division  between  the  shales. 
As  weathered,  and  seen  at  a  distance,  the  entire  cliff  looks  mainly  like  a 
mass  of  shale;  but  on  nearer  approach  the  layers  of  sandstone  become 
noticeable  as  projecting  bands.  This  is  an  excellent  cliff  of  the  upper 
part  of  the  Chagrin,  from  which  a  general  idea  of  its  lithologic  character 
may  be  obtained;  but  on  account  of  its  steepness,  like  most  of  those 
along  the  lower  course  of  this  river,  it  is  a  difficult  one  for  detailed 
study.  No  fossils  were  found. 

Dr.  Newberry  stated  in  1873,  that  from  Rocky  River  " westward 
the  beds  lie  nearly  horizontal  until  at  Avon  Point  they  again  rise  toward 
the  west,  and  are  succeeded  by  the  lower  group,  which  in  turn  gives 
place  to  the  Huron  shale."1  In  1889,  Dr.  Newberry  modified  this 
statement  and  reported  that  "in  all  this  region  the  rocks  have  a  general 
though  gentle  dip  toward  the  east,  rising  westward  to  the  great  arch  of 
the  Cincinnati  axis.  From  Cleveland  to  Berea  this  rise  is  quite  con- 
spicuous, and  in  the  early  days  of  our  geological  explorations  it  was 
supposed  to  continue  toward  the  west.  Later,  however,  it  was  found 
that  a  broad  arch  was  formed  in  the  vicinity  of  Berea,  and  thence  west- 
ward the  Waverly  series  dipped  rapidly  down  to  the  valleys  of  Black 
River  and  the  Vermilion.  This  dip  misled  us,  and  the  thinning  of  the 
Erie  shale,  bringing  the  Cleveland  down  near  to  the  Huron,  caused 
these  two  to  be  confounded,  and  led  to  the  supposition  that  the  fish- 
bearing  black  shales  which  form  the  lake  shore  in  Lorain  County  were 
the  upper  part  of  the  Huron.  This  matter  was,  however, 

cleared  up  by  an  excursion  made  by  the  writer  westward  from  Cleveland 
in  1886,  and  it  is  now  definitely  established  that  all  the  outcrops  of 
black  shale  in  Cuyahoga  and  Lorain  Counties  belong  to  the  Cleveland 
shale,  and  that  none  of  the  fossil  fishes  described  from  northern  Ohio 
should  be  credited  to  the  Huron."2 

Some  study  was  given  to  the  outcrops  in  the  cliffs  along  the  lake 
shore  and  in  the  streams  entering  the  lake  to  the  west  of  Rocky  River. 
Most  of  the  results  of  this  study  are  reserved  for  a  following  bulletin, 
except  that  some  account  will  now  be  given  of  the  outcrops  as  far  west 
as  the  Cuyahoga-Lorain  county  line  near  Eagle  Cliff. 

The  lake  bluff  from  Rocky  River  for  one-half  mile  west  to  Willow 
Creek  is  rather  high  and  is  composed  of  the  western  continuation  of 
the  Chagrin  formation  capped  by  drift.  The  banks  as  seen  from  on 
top  are  bluish  in  color  with  the  more  gradual  slope  of  the  Chagrin  as 
contrasted  with  the  steep  banks  of  the  Cleveland. 

At  the  mouth  of  Willow  Creek  there  is  a  cliff  15|  feet  high  com- 
posed of  blue  to  gray  argillaceous  and  arenaceous  shales,  alternating 
with  layers  of  thin,  blue,  laminated,  micaceous  sandstone.  There  are 

'Ibid.,  pp.  163,  164. 

=Mon.  U.  S.  Geol.  Survey,  Vol.  16,  p.  127. 
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also  thin  layers  of  black  shale.  The  shales  predominate,  although 
probably  the  thin  sandstones  comprise  one-fourth  of  the  total  thickness. 
The  sandstones  are  somewhat  variable  in  thickness  and  weather  to  a 
rusty  or  brownish  color. 

The  lake  cliffs  to  the  west  of  Willow  Creek  well  toward  the  Auto- 
mobile Country  Club  grounds  at  Dover  Bay  are  composed  largely  of 
boulder  clay  and  other  drift. 

On  the  lake  bluff,  about  two  miles  west  of  Rocky  River,  and  oppo- 
site stop  No.  12  on  the  Lake  Shore  Electric  Railway,  which  is  the  first 
one  east  of  Dover  Bay.  is  about  25  feet  of  mainly  bluish-gray  shale, 
part  of  it  arenaceous,  and  thin  layers  of  similarly  colored  sandstone 
from  a  fraction  of  an  inch  up  to  2  inches  in  thickness.  Alternating 
with  the  olive  to  bluish  shale  are  very  thin  layers  of  black  shale,  only 
a  fraction  of  an  inch  in  thickness.  The  shales  are  about  horizontal  in 
this  cliff,  which  is  in  the  upper  part  of  the  Chagrin  formation;  but 
very  thin  layers  of  black  shale  with  the  lithologic  character  of  the  Cleve- 
land appear,  as  will  be  described  more  fully  in  later  sections.  This  cliff 
is  just  below  the  house  of  Mrs.  Lawrence. 

Outcrops  occur  on  the  first  stream  east  of  Dover  Bay  (stop  13  on 
the  Lake  Shore  Electric  Railroad).  A  short  distance  below  the  New 
York,  Chicago  &  St.  Louis  Railroad  bridge  the  western  bank  of  the 
stream  furnished  the  following  section: 

Section  of  Bank  of  Stream  at  Dover  Bay. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

4.     Blue,  soft  shale __.  1±  7 

3.     Black  shale,  about  9  inches  thick f±  6  + 

2.     Mostly  blue,  soft,  argillaceous  shale 4§±  5^ 

1.     Black  shale  down  to  about  water  level,  about  1  foot  in 

thickness  1±  1 

Just  below  the  railroad  bridge  is  a  small  asymmetrical,  open,  an- 
ticlinal fold. 

Above  the  railroad  track  is  a  reservoir,  just  below  .which  is  a 
fall  in  the  stream.  The  lower  part  of  the  fall  is  composed  of  blue  shales 
with  layers  of  sandstone,  some  of  which  are  4  ±  inches  thick.  The 
upper  part  of  the  bank  is  apparently  a  blackish  shale  which  weathers 
to  a  brownish  color;  but  there  is  also  apparently  some  soft  gray  shale. 
At  the  upper  end  of  the  pond  or  reservoir  the  western  bank,  which  is 
more  or  less  weathered,  seems  to  be  all  black  shale.  This  locality  is 
only  a  few  rods  south  of  the  railroad,  a  little  more  than  three-fourths 
of  a  mile  south  of  the  lake  shore,  and  the  shale  is  black  with  the  litho- 
logic appearance  of  the  Cleveland  to  which  it  is  referred.  The  black 
Cleveland  shale  is  fairly  well  shown  on  the  western  bank  of  this  stream 
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above  the  North  Ridge  road,  and  also  at  various  places  in  the  gutter  of 
this  highway  between  the  stream  just  mentioned  and  Cahoon  Creek 
2J  miles  farther  west. 

At  Dover  Bay  the  lake  cliffs,  which  are  some  50  feet  high,  are  com- 
posed of  gray  shales  with  layers  of  rather  thin  sandstones,  although  a 
layer  toward  the  top  of  the  cliff  is  from  4  to  8  inches  thick  and 
has  been  used  in  the  construction  of  local  piers.  On  the  Automobile 
Country  Club  grounds,  at  the  steps  near  the  dancing  pavilion,  which 
lead  down  to  the  lake  shore,  is  a  zone  of  black,  hard  shale  about 
4  feet  thick,  which  is  5  feet  or  more  below  the  top  of  the  cliff. 
From  the  base  of  this  zone  of  black  shale  down  to  the  lake  level  the 
rocks  are  apparently  all  gray  to  bluish  shales  and  thin  sandstones.  A 
considerable  part  of  this  lower  shale  is  blue  and  rather  hard.  At  lake 
level  and  higher,  are  blue  to  gray  argillaceous  and  arenaceous  shales, 
with  thin  blue  to  bluish-gray  sandstones,  which  split  up  into  rather  thin 
layers  or  laminae  (platy  sandstones) .  Above  the  zone  of  black  shale  the 
rock  is  again  gray  shales  and  thin  sandstones,  including  the  4-  to  8-inch 
standstone  stratum.  As  the  cliff  is  followed  to  the  west  there  is  more  of 
the  blue  to  gray  shale  and  sandstone  above  the  zone  of  black  shale, 
since  the  bank  is  higher  and  in  places  there  are  at  least  10  feet  of  rocks 
overlying  the  black  shale  zone.  The  writer  would  refer  these  cliffs  to 
the  Chagrin  formation.  These  banks  are  all  more  or  less  rounded,  no 
sharp  angles  as  in  the  black  shale  cliffs  farther  westward,  which  is  due 
to  the  softer  character  of  much  of  the  Chagrin,  so  that  it  creeps  or  closes 
up  more  readily.  The  Cleveland  shale  on  the  other  hand  is  hard,  so 
that  the  joints  do  not  close  up  readily  and  sharp  angles  are  left. 

Later  the  cliff  at  the  steps  on  the  Automobile  Country  Club  grounds 
was  leveled  by  Mr.  Roderick  and  the  following  section  prepared  by  the 
writer : 

Section  of  Lake  Cliff  at  Automobile  Country  Club  Grounds. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

9.    Heavy  sandstone  in  top  of  bank  a  little  west 

of  steps  and  from  4  to  8  inches  thick __          6^        42          3 

8.     Shale  zone  with  thin  sandstones,  2£±  feet 

in  thickness 2          6  41          9 

7,     Thin,  bluish  sandstones  _  _  _  6  39          3 

6.     Zone  of  gray  shale  and  thin,  gray  sandstone.       5  38          9 

5.     Apparently  continouus  black  shale  _.  49  33          9 

4.     Gray  alternating  with  black  shale,  about  a 

foot  thick 1        __  29 

3.     Mainly  gray  shale  and  thin  layers  of  blue 

micaceous     sandstone.     The     shale     is 

mostly   argillaceous,    although  some   is 

sandy.     There   are   also  thin  layers   of 

black  shale  which  in  the  upper  part  of 

the  zone  are  3  inches  or  thereabouts  in 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

thickness,  and  are  much  more  conspic- 
uous than  those  in  the  lower  part  of  the 
bank  where  as  a  rule  they  are  very  thin, 
about  £  of  an  inch  thick 26  9  28 

2.  Blue,  laminated  sandstone  with  two  shale 
zones,  one  1  inch  and  the  other  |  inch 
thick 9  13 

1.  Blue  shale  with  a  black  band  i  inch  thick 

under  water.  Lake  level __  6  6 

This  bank  shows  conclusively  that  there  are  thin  layers  of  black 
shale,  but  inconspicuous,  in  these  banks  of  blue  clay  shale  and  blue 
sandstone.  These  deposits  are  the  westward  continuation  of  those 
forming  the  lower  part  of  the  banks  of  Rocky  River  as  exposed  at  the 
northern  electric  and  highway  bridge.  The  similar  stratigraphic  shales 
on  the  lake  shore  farther  westward  show  thicker  and  more  conspicu- 
ous banks  of  black  shale.  The  cliffs  of  the  lake  shore  from  Rocky 
River  westward  show  the  gradual  increase  in  the  number  and  thickness 
of  the  bands  of  black  shale  in  the  deposits  which  are  the  western  con- 
tinuation of  those  shown  on  the  lower  banks  of  Rocky  River.  In  other 
words,  they  show  conclusively  the  gradual  lithologic  change  in  the 
deposits  of  the  Chagrin  formation  with  the  appearance  of  numerous 
bands  of  black  shale. 

At  the  mouth  of  Gaboon  Creek,  nearly  2|  miles  west  of  Dover  Bay, 
the  greater  part  of  the  cliff  is  composed  of  blue  to  gray  shales  and  thin 
sandstones,  although  there  are  some  rather  thin  layers  of  black  shale. 
There  are  layers  of  sandstone  from  2  to  4  inches  thick  and  on  the  under 
side  of  some  of  these  layers  are  raised  ridges  like  fillings.  This  under 
surface  of  the  layer  rests  on  soft  shale.  Most  of  the  rocks  in  this  cliff 
have  the  lithologic  appearance  of  the  Chagrin,  to  which  formation  they 
are  referred.  Nearly  a  quarter  of  a  mile  farther  south,  where  the  Lake 
Shore  Electric  Railway  crosses  Cahoon  Creek,  the  low  banks  near  the 
stream  are  composed  of  blue  shales  and  sandstones,  alternating  with  black 
shales.  On  the  high  banks  near  the  end  of  the  trestle,  and  nearly  as  high 
as  the  tracks,  is  an  abundance  of  weathered  black  shale.  Farther  south 
and  a  little  below  the  road  turning  to  the  west  are  light  colored  shales 
and  thin  sandstones  in  the  lower  part  of  the  bank  and  in  the  bed  of  the 
creek,  which  apparently  belong  in  the  Chagrin  formation.  The  banks 
in  the  vicinity  of  the  New  York,  Chicago  and  St.  Louis  Railroad  bridge 
over  this  creek  are  composed  of  black  shale  without  any  indication  of 
grayish  zones,  and  apparently  belong  in  the  Cleveland.  This  black 
shale  continues  up  the  creek  to  the  North  Ridge  road,  above  and  below 
which  are  fairly  high  banks  of  black  Cleveland  shale. 

A  little  west  of  Cahoon  Creek,  near  stop  No.  28  on  the  Lake  Shore 
Electric  Railway,  is  a  cliff  on  the  lake  shore  about  45  feet  high.  The 
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upper  part  of  the  cliff  is  composed  of  drift,  below  which  are  olive  to 
bluish  shales,  with  thin,  micaceous,  bluish-gray  sandstones,  all  appar- 
ently with  the  lithologic  character  of  the  Chagrin  formation.  To  the 
west,  along  the  lake  shore,  there  are  no  exposures  of  shale,  but  sand  and 
clay  deposits,  until  the  eastern  end  of  Eagle  Cliff  is  reached. 

Eagle  Cliff  is  about  2J  miles  northwest  of  the  mouth  of  Cahoon 
Creek,  and  the  eastern  part  of  the  cliff  is  from  30  to  35  feet  in  height, 
and  composed  mainly  of  black,  hard  shale  with  the  lithologic  charac- 
ters of  the  Cleveland.  At  the  base  of  the  cliff  is  a  little  light  colored 
and  soft  shale,  apparently  alternating  with  black.  As  stated  above, 
however,  the  greater  part  of  the  cliff  is  composed  of  black,  slaty  shale 
lithologically  similar  to  the  Cleveland,  to  which  formation  it  is  referred. 
The  cliff  opposite  the  residence  of  Mr.  F.  W.  Sears  is  53  feet  high,  the 
upper  26  of  which  is  composed  of  soil  and  black  shale,  below  which  is 
27  feet  of  olive  and  bluish  shale.  Below  Heintz's  house  the  cliff  is 
about  49  feet  high,  of  which  the  lower  19  feet  is  composed  of  bluish 
and  olive  shale,  then  28  feet  of  black  shale  above,  on  top  of  which  is 
perhaps  2  feet  of  soil.  On  the  adjoining  lot,  owned  by  Mr.  Seagraves 
in  1903,  a  well  for  natural  gas  was  drilled  to  the  limestone,  which  was 
reached  at  a  depth  of  900  feet  and  penetrated  to  a  depth  of  10  feet. 
Not  much  gas  was  obtained  from  the  limestone,  the  principal  amount 
coming  from  the  shale. 

Numerous  wells  have  been  drilled  near  the  lake  shore  in  this  region 
for  natural  gas  and  a  condensed  record  of  a  number  of  them  was  furnished 
by  one  of  the  drillers,  Mr.  Diedrich,  of  North  Ridgeville,  Ohio.  One 
drilled  on  Hull  Point,  which  is  to  the  west  of  Eagle  Cliff,  also  reached 
the  Devonian  limestone  at  a  depth  of  900  feet.  Mr.  Diedrich  stated 
that  the  upper  part  of  the  well  passed  through  alternating  white 
and  brown  shale,  of  which  the  brown  is  the  harder.  Deeper,  there  was 
brownish  shale  for  a  distance,  when  the  brown  again  alternated  with 
white  shale.  The  lowest  150  to  175  feet  was  light  gray  shale  before 
striking  the  limestone.  The  cliff  at  this  point  is  a  brownish  to  black 
shale  down  to  within  about  5  feet  of  the  base,  when  dark  gray  shale  con- 
tinues to  water  level.  A  short  distance  farther  east,  in  a  small  uplift, 
thin-bedded,  micaceous,  bluish  sandstones  are  shown  below  the  dark 
gray  shale.  At  Beach  Park,  Mr.  Diedrich  drilled  through  800 
feet  of  shale  and  reached  the  top  of  the  limestone  at  that  depth.  At 
Avon  Point  a  well  drilled  for  Mr.  Wood  reached  the  top  of  the  limestone 
at  a  depth  of  825  feet.  Finally,  wells  drilled  by  Mr.  Diedrich  in  Lorain, 
which  is  still  farther  west  and  at  the  mouth  of  the  Black  River,  reached 
the  top  of  the  limestone  at  a  depth  of  from  680  to  700  feet. 

On  Rocky  River,  a  little  more  than  a  mile  south  of  Clifton  Park 
and  opposite  the  hamlet  of  Rockport,  is  a  very  prominent  oxbow  bend, 
with  a  high  and  narrow  tongue  of  land  extending  well  to  the  west  in  this 
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bend,  on  the  highest  part  of  which  is  located  a  beautiful    residence, 
130  feet  above  the  river  level. 

A  mile  farther  south  is  the  high  bridge  of  the  Cleveland,  South- 
western and  Columbus  Railway  at  Kamms,  which  is  2J  miles  east  of  south 
of  the  bridge  of  the  Lake  Shore  Electric  Railway  at  Rocky  River  and 
Clifton  Park.  At  this  locality  the  eastern  bank  of  the  river,  which  is 
high  and  steep,  is  composed  mainly  of  shale.  In  1903,  a  section  of  the 
bank  was  made,  when  the  shales  were  shown  to  better  advantage  than 
when  visited  in  1910. 

Section  of  Rocky  River  Bank  at  Kamms. 

Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

2.  Cleveland  shale.  All  apparently  black,  bituminous  shale; 
but  so  weathered  and  covered  with  talus  on  the  slope 
that  it  is  almost  impossible  to  say  that  there  are  no 
gray  bands  in  it.  Measuring  by  tape  and  counting 
steps  of  stairway  gave  70  feet  in  each  case  for  the  thick- 
ness of  this  zone 70  115 

1.  Chagrin  formation.  In  the  upper  portion  are  some  thin 
layers  of  bituminous  shale,  alternating  with  olive  and 
blue  ones.  Below  these  the  bank  is  composed  of  blue 
and  olive  shales,  with  thin  layers  of  bluish-gray  mica- 
ceous sandstone.  There  are  also  some  calcareous  and 
rusty  colored  concretionary  masses  of  somewhat  len- 
ticular shape I 45  45 

As  measured  at  this  time  the  floor  of  the  bridge  is  123  feet  higher 
than  the  river,  and  the  engineer  in  the  power  house  said  that  it  was 
about  120  feet. 

Dr.  Newberry  in  his  section  of  the  rocks  in  the  valley  of  Rocky 
River  gave  the  thickness  of  the  Cleveland  shale  as  50  feet,  which  was 
described  as  "black  bituminous  shale  with  fish  scales"  with  its  "north- 
ern outcrop  at  second  bridge  above  mouth  of  Rocky  River."1 

Wells  for  gas  have  been  drilled  at- various  places  in  this  region,  and 
according  to  Mr.  F.  A.  Colbrunn,  one  in  the  vicinity  of  his  house  in 
Kamms  reached  the  top  of  the  Devonian  limestone  at  a  depth  of  1,095 
feet.  There  was  no  drive  pipe  in  this  well  and  it  was  drilled  in  shale 
which  came  very  near  the  surface.  Black  Cleveland  shale  outcrops  at 
top  of  gully,  just  back  of  Mr.  Colbrunn's  house,  which  is  only  a  few  rods 
from  the  mouth  of  the  well,  and  shows  that  it  began  in  the  Cleveland 
shale.  The  Colbrunn  well  is  only  a  short  distance  from  the  Cleveland, 
Southwestern  and  Columbus  Railway  over  Rocky  River  at  Kamms. 
The  best  well  for  gas  in  this  vicinity  obtained  it  at  a  depth  of  725  feet, 
while  most  of  them  are  only  drilled  to  a  depth  of  between  600  and  800 
feet  and  do  not  reach  the  limestone. 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  197. 
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Wells  were  drilled  on  the  W.  J.  White  farm,  less  than  one  mile  south- 
west of  the  Cleveland,  Southwestern  and  Columbus  Railway  bridge,  which 
are  reported  as  between  1,200  and  1,400  feet  deep.  They  yield  gas  and  a 
thick  oil  flows  in  small  quantity  from  one  of  them.  These  wells  begin  at 
about  the  top  of  the  Chagrin  formation,  since  on  the  bank  of  the  run 
to  the  west  of  the  highway  and  2  or  3  feet  lower  than  one  of  the  gas  wells 
is  the  apparent  contact  of  the  Chagrin  and  Cleveland  shales  with  black 
shale  continuing  on  up  the  stream.  The  mouth  of  this  well  is  some  80 
or  more  feet  lower  than  the  Colbrunn  well  at  Kamms,  and  since  that 
reached  the  Devonian  limestone  at  a  depth  of  1,000  feet,  it  is  probable 
if  these  wells  on  the  White  farm  are  between  1,200  and  1,400  feet  in  depth 
that  they  stop  in  the  Monroe  formation.  The  horizon  of  the  oil  may 
be  the  Sylvania  sandstone,  since  in  well  No.  4  of  the  United  Salt  Com- 
pany in  Cleveland,  it  is  reached  at  a  depth  of  390  feet  below  the  top  of 
the  Devonian  limestone  and  these  wells  have  apparently  been  drilled 
between  300  and  500  feet  deeper  than  the  top  of  this  limestone.  It  was 
reported  that  the  deepest  ones  entered  salt  water  and  then  the  drilling 
stopped. 

Five-eighths  of  a  mile  farther  up  the  river  on  the  Henry  Mastick 
farm,  near  the  Mastick  bridge,  where  the  highway  crosses  the  river  for 
Puritas  Springs,  a  well  was  drilled  in  1885,  which  had  been  used  for 
fuel  and  light  in  the  farm  house  until  at  least  the  summer  of  1904.  It 
was  reported,  however,  at  that  time  that  the  pressure  was  not  suf- 
ficient to  furnish  enough  heat  during  the  winter  and  wood  was  used 
to  some  extent.  The  gas  in  this  well  was  obtained  at  a  depth  of  527 
feet  and  came  from  the  Ohio  shale. 

In  Rocky  River  at  the  Mastick  bridge  are  thin  bluish  sandstones 
and  blue  arenaceous  shale,  some  2  feet  of  which  are  shown,  that  are  in 
the  Chagrin  formation.  Black  Cleveland  shale  was  found  in  a  small  gully 
on  the  hill  to  the  west  of  the  river  and  50  feet  higher;  but  it  is  thought 
that  this  outcrop  is  higher  than  the  base  of  the  black  shale.  In 'the 
road  gutter  to  the  west  of  the  river,  black  shale  is  first  shown  at  an  ele- 
vation 5  feet  higher  than  that  of  the  outcrop  in  the  gully,  and  contin- 
ues up  the  hill  for  25  feet,  so  that  30  feet  of  the  Cleveland  shale  is  shown 
on  this  slope. 

A  small  gully  on  the  hill  on  the  eastern  side  of  the  river,  and  above 
the  lane  to  the  east  of  the  E.  A.  Mastick  farm,  shows  a  thin  blue  sand- 
stone some  30  feet  higher  than  the  river  level  at  the  Mastick  bridge. 
Below  is  another  and  thicker  sandstone,  while  between  them  are  rather 
bluish  to  blackish  soft  argillaceous  shales.  There  is  not  a  very  sharp 
difference  in  the  color  of  the  ehales  at  this  locality;  but  the  highest  thin, 
blue  sandstone  was  considered  the  top  of  the  Chagrin  formation,  above 
which  is  40  feet  of  black  Cleveland  shale.  This  locality  is  on  the  steep 
slope  of  the  hill  to  the  northwest  of  Puritas  Springs  and  at  a  lower  level. 

On  the  bank  of  the  river  at  water  level,  nearly  a  mile  above  the 


474  DEVONIAN  AND  MISSISSIPPIAN 

Mastick  bridge,  and  about  opposite  a  lane  that  leaves  the  north  and 
south  highway  and  runs  westerly  toward  the  river,  is  black,  massive 
ehale  with  the  lithologic  characters  of  the  Cleveland.  Higher,  however, 
on  the  bank,  is  an  occasional  bluish  to  greenish  colored  layer,  with  the 
lithologic  appearance  of  the  Chagrin.  This  blending  of  the  characters 
of  the  Cleveland  and  Chagrin  shales  along  Rocky  River  is  due  to  the 
upper  portion  of  the  Chagrin  formation  being  partly  replaced  by  shales 
with  the  lithologic  characters  of  the  Cleveland,  or  in  other  words,  to 
the  earlier  appearance  of  shales  with  the  lithologic  characters  of  the 
Cleveland.  At  this  locality,  however,  it  appears  better  to  refer  all 
of  this  shale  to  the  Cleveland.  On  the  steep  bank,  80  feet  higher  than 
the  river  level,  is  an  outcrop  of  bluish  shale  which  may  be  in  the  Bedford. 

Sections  near  OlmstecL — At  Olmsted,  the  East  Branch  and  West 
Branch  unite  to  form  Rocky  River,  and  at  this  locality  are  magnificent 
banks  of  black  Cleveland  shale.  The  point  at  the  junction  of  the  two 
branches  just  south  of  the  highway  bridge  is  a  fine  one,  as  well  as  the 
one  on  the  western  side  of  Rocky  River  just  below  and  north  of  the  high- 
way bridge.  The  one  last  mentioned  is  an  isolated  hill,  and  a  short 
distance  to  the  northeast,  also  on  the  western  side  of  Rocky  River,  is 
a  similar,  although  smaller  hill,  which  is  separated  by  a  valley  from  the 
former  one.  It  appears  that  the  valley  of  the  West  Branch  was  at  one 
time  to  the  west  of  both  of  these  isolated  hills  and  the  two  branches 
united  at  the  end  of  the  divide,  which  is  now  the  second  hill.  Later 
the  two  streams  cut  through  the  divide  and  made  the  valley  which  now 
separates  the  two  hills,  in  the  same  way  that  still  later  they  have  cut 
through  the  ridge  at  Olmsted  and  made  the  present  narrow  valley 
where  the  two  branches  now  unite.  A  view  of  the  end  of  the  present 
divide  as  seen  from  the  highway  bridge  looking  up  stream  which  is 
known  as  Cedar  Point  and  said  to  be  100  feet  high,  is  shown  in  Plate 
XXIV,  while  a  view  of  the  point  below  the  bridge  looking  down  stream 
is  shown  in  Plate  XXV. 

The  upper  third  of  Cedar  Point  is  very  steep  and  perhaps  the  shale 
stands  out  a  little  more  conspicuously  than  in  its  lower  two-thirds. 
Perhaps  this  same  statement  applies  to  the  point  below  the  bridge  and 
in  each  instance  it  is  probably  due  to  the  upper  shale  being  a  little 
tougher.  In  the  lower  third  of  Cedar  Point  and  perhaps  higher  are 
somewhat  concretionary  lenses  of  thicker  rock  which  are  perhaps  sand- 
stone or  cone-in-cone  layers  or  even  marcasite  concretions.  As  seen 
from  the  river  bed  it  appears  very  difficult* to  separate  this  shale  bank 
into  two  formations.  There  are,  to  be  sure,  thin  layers  of  blue  shale 
in  the  lower  part  of  the  bank;  but  the  black  predominates  to  such  a 
decided  extent  that  the  writer  has  not  attempted  to  separate  these 
shales  and  has  referred  all  of  them  to  the  Cleveland. 

A  section  on  the  east  bank  of  the  East  Branch  Rocky  River  a  few 
rods  above  its  junction  with  the  West  Branch  shows  the  presence  of 
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thin  layers  of  blue  shale  and  sandstone;  but  also  that  the  black  shale 
is  the  predominating  rock.     The  section  of  this  bank  is  as  follows: 

Section  on  East  Branch  Rocky  River  above  Junction  of  East  and 

West  Branches. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

8.  Black  shale  at  top  of  bank  which  is    hard 

and  slaty  like  the  Cleveland  ____________  48  7          9| 

7.  Blue,  argillaceous  shale  ___________________  __            |  3          If 

6.  Blue  sandstone  ____________________________  __            f  3          1£ 

5.  Black  shale  ______________________________  __          2J  3            f 

4.  Blue,  argillaceous  shale  _____  ______________  __          If  2        10£ 

3.  Black  shale  ______________________________  13  29 

2.  Bluish  shale  and  thin  sandstone  ____________  __          2  1          6 

1.  Black  shale  to  river  level  __________________  14  14 

Black  Cleveland  shale  outcrops  in  the  bed  of  Rocky  River  at  this 
place  and  continues  nearly,  if  not  quite,  to  the  top  of  each  point.  The 
one  below  the  bridge  was  measured  and  Mr.  Morse  leveled  up  the  point 
to  a  height  of  93  feet  above  the  river,  where  there  was  still  enough  black 
shale  above  him  to  make  its  thickness  fully  100  feet.  The  barometer 
gave  a  thickness  of  90  to  95  feet  for  the  same  interval.  The  contact 
of  the  black  shale  with  either  the  Chagrin  or  Bedford  is  not  shown. 

This  locality  gives  one  of  the  thickest  sections  of  Cleveland  shale 
that  has  been  measured,  and  its  rapid  increase  from  nearly  52  feet  on 
Doan  Brook  in  Cleveland,  some  16  miles  to  the  northeast,  is  due  to  the 
black  shale  deposits  at  Olmsted  having  probably  replaced  the  upper 
layers  of  the  Chagrin,  and  perhaps  the  lower  ones  of  the  Bedford,  as 
those  formations  occur  in  Cleveland. 

Professor  Gushing  has  recently  proposed  the  name  Olmsted  shale 
for  60  feet  of  blackish  shale  on  the  Rocky  River1  which  undoubtedly 
includes  the  lower  part  of  Cedar  Point  and  the  opposite  point  at  the 
junction  of  the  two  branches  of  Rocky  River.  Later  Dr.  Ulrich  states 
that  this  name  is  proposed  "by  Professor  H.  P.  Gushing  for  the  body 
of  relatively  soft,  mainly  blackish,  though  partly  bluish  shale  which 
wedges  in  at  the  base  of  the  Cleveland  shale  in  West  Cleveland,  where 
it  —  first  the  typical  Cleveland  and  then  the  intercalated  bed  —  rests 
on  and  is  sharply  distinguished  from  the  Chagrin  formation.  West 
from  Cleveland  the  Olmsted  shale  gains  with  moderate  rapidity,  attain- 
ing a  thickness  of  nearly  100  feet  at  the  western  edge  of  the  Berea 
quadrangle.  "2 

The  desirability  of  giving  a  new  name  to  these  shales  has  been 
discussed  by  Dr.  Kindle  who  has  written  as  follows: 


.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  June  1912,  pp.  582,  583. 
2Ibid.,  Vol.  XXXIV,  August  1912,  p.  167. 
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"The  beds  thus  designated  appear  to  represent  beds  generally 
considered  transition  beds  between  the  Cleveland  and  Chagrin  by  the 
writer  and  others.  The  need  or  desirability  of  introducing  a  new  name 
for  transition  beds  at  this  horizon  is  a  question  on  which,  doubtless, 
different  views  will  be  held.  Arguments  could  be  offered  for  a  new 
member  at  the  top  of  the  Cleveland  where  locally  there  is  some  inter- 
bedding.  The  writer,  however,  doubts  the  desirability  of  introducing 
a  new  term  for  either  set  of  beds.  Professor  Gushing  believes  this 
Olmsted  formation  to  be  unconformable  with  the  Chagrin.  Evidence 
will  be  offered  on  later  pages  indicating  that  sedimentation  was  not 
interrupted  at  this  horizon."1  Again  Dr.  Kindle  states  that  "Prof. 
H.  P.  Gushing  has  called  attention  to  a  considerable  mass  of  interbedded 
bluish  gray  and  black  shale  at  the  base  of  the  Cleveland  shale,  which 
he  finds  west  but  not  east  of  Cleveland,  named  by  him  the  Olmsted. 
If,  as  the  evidence  appears  to  indicate,  the  Chagrin  west  of  Cleveland 
grades  into  and  becomes  interbedded  with  the  black  Cleveland  shale, 
just  such  beds  as  Professor  Gushing  has  described  would  result  from 
and  represent  this  grading."2 

On  the  highway  to  the  east  of  Rocky  River  and  Olmsted,  the 
highest  outcrops  of  black  shale  are  from  80  to  85  feet  higher  baromet- 
rically than  the  black  shale  in  the  river  at  the  bridge. 

The  highway  on  the  western  side  of  West  Branch  from  Olmsted 
to  Olmsted  Falls  crosses  a  run  at  a  distance  in  a  straight  line  of  about 
one  mile  to  the  southwest  of  the  Olmsted  bridge  over  Rocky  River. 
The  top  of  the  Cleveland  shale  is  shown  on  the  bank  just  above  the 
highway  bridge,  and  the  base  of  the  Bedford  formation  is  a  calcareo- 
arenaceous  layer  from  2  to  6  inches  thick,  in  which  are  rather  infre- 
quent specimens  of  Orbiculoidea  and  Lingula.  The  lower  inch  or  there- 
abouts of  this  layer  is  composed  largely  of  marcasite.  The  following 
section  was  measured  on  this  run: 

Section  One  Mile  Southwest  of  Olmsted. 

Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

5.     Drift. 

4.  Bedford  shale.  Most  of  this  interval  is  composed  of  choc- 
olate colored  shale;  but  there  are  some  rather  thin  zones 
of  gray  shale 15  80 

3.  Bluish  to  grayish  shales,  which  alternate  with  blue,  com- 
pact, very  hard  and  somewhat  calcareous  sandstones. 
Shales  predominate  in  the  lower  8  feet  of  this  zone;  but 
there  are  some  sandstone  layers  3=^  inches  thick.  In 
the  upper  part  of  the  zone  the  sandstones  are  more  con- 


.,  p.  196,  note.     The  word  "not"  in  the  last  sentence  of  the  above  quota- 
tion was  inserted  in  ink  in  the  copy  of  reprint  received  from  Dr.  Kindle. 
*Ibid.,  p.  202. 
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Total 

Thick-  thick- 
No  ness.     ness. 

Feet.     Feet. 

spicuous,  the  layers  varying  from  3  to  4  inches  in  thick- 
ness       14|      65 

2.  Basal  arenaceous  limestone,  from  2  to  6  inches  thick,  con- 

taining specimens   of  Orbiculoidea   and  Lingula,   the 

lower  inch  mostly  marcasite 5=*=  50^ 

1.     Cleveland  shale.     Black  shale,  finely  shown  from  highway 

bridge  down  the  run  to  the  West  Branch 50        50 

This  locality  was  revisited  in  the  summer  of  1912  and  a  more  de- 
tailed section  of  the  lower  Bedford  and  the  subjacent  shale  down  to 
river  level  measured.  This  later  section  is  as  follows: 

Lower  Part  of  Section  One  Mile  Southwest  of  Olmsted.  , 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

11.  Bedford  formation.  Bluish,  compact  sand- 
stone weathering  to  a  brownish  color, 
and  2-4  inches  thick.  Highest  outcrop 
on  bank  a  few  rods  above  highway  via- 
duct    3±  62  4 

10.     Grayish  to  bluish  shale,  some  of  it  reddened 

and  containing  sandstone  concretions 45  62          1 

9.     Bluish-gray,  hard  sandstone,  weathering  to 

a  reddish  color  and  2|-4  inches  thick __          3=*=        57          8 

8.     Bluish-gray     shale    approaching     chocolate 

color  in  the  upper  part  of  zone 22  57          5 

7.     Blue,  hard,  very  compact  layer  containing 

fossils,  l|-2  inches  thick__ __          2  55        .3 

6.  Basal  layer  of  Bedford  very  hard  and  con- 
taining a  large  percentage  of  marcasite, 
H-H  inches  thick ._  1+  55  1 

5.  Cleveland  shale.  Top  of  shale  in  run  a  short 
distance  above  the  highway  viaduct- 
Black,  slaty  shale  with  occasional  layers 
that  are  not  so  hard,  although  in  general 
black.  These  softer  ones  weather  more 
rapidly  so  that  they  are  somewhat 
conspicuous  on  the  banks  of  the  glen. 
At  the  base  of  the  zone,  as  shown  below 
the  highway  viaduct,  are  a  few  inches  of 
hard,  black,  slaty  shale  above  which  is 
a  softer  band  of  black  shale.  The  dip  be- 
low but  near  the  viaduct  is  from  3°  to  5° 
S.  W.;  but  this  heavy  dip  does  not  con- 
tinue' for  any  considerable  distance. 
Tape  measurement ^ 22+  55 

4.     Bluish-black  shale  which  is  softer  than  the 

layers  of  black,  slaty  shale   1±     _.  33 

3.  Black,  slaty  shale  alternating  with  softer 

zones  of  shale  which  are  nearly  black. 
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Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft,  In. 

Lithologically  like  upper  part  of  section. 

Thickness  determined  by  barometer 21  ±  _.  32 

2.  Band  of  soft,  bluish-black  shale.  Two  dikes 
cross  the  stream  at  this  locality  and  one 
of  them  when  near  the  south  bank 
branches  twice 1  __  11 

1.  Black,  slaty  shale  with  some  softer  layers. 
Near  the  mouth  of  the  stream  is  a  layer 
containing  numerous  marcasite  concre- 
tions. Level  West  Branch  Rocky  River.  10  _.  10 

In  the  above  section  the  barometer  gave  the  top  of  the  Cleveland 
as  55  feet  higher  than  the  river  level  at  the  mouth  of  the  run  and  the  dip 
makes  the  actual  thickness  perhaps  somewhat  greater.  For  the  same 
interval  in  the  former  section  the  barometer  gave  50  feet.  All  the 
distance  down  the  glen,  in  which  the  rocks  are  admirably  shown,  there 
are  black,  hard,  slaty  shales  alternating  with  zoiies  of  softer  black  shales. 
In  addition  are  the  two  zones  of  soft,  bluish-black  shale,  each  one  about 
a  foot  thick,  and  the  upper  one  only  about  22  feet  below  the  top  of  the 
Cleveland  shale.  It  does  not  appear  to  the  writer  that  there  is  any 
horizon  in  this  glen  where  a  line  can  be  drawn  separating  this  shale  into 
two  formations. 

At  river  level  a  short  distance  below  the  mouth  of  the  run  is  a  zone 
of  bluish,  argillaceous  shale  in  thin  layers,  as  well  as  an  occasional  blue, 
sandy  layer,  one  of  which  is  one-half  inch  thick,  and  these  blue  layers 
alternate  with  thin  ones  of  black  shale.  In  this  zone  are  also  somewhat 
concretionary  masses  of  cone-in-cone.  Farther  down  the  river  at 
about  the  bend  and  steepest  part  of  the  bank  this  zone  of  softer  bluish 
shale  alternating  with  black  has  risen  so  that  it  is  two  feet  or  more  above 
river  level.  The  zone  is  about  10  inches  thick  below  which  is  entirely 
black,  slaty  shale  like  that  in  the  glen.  On  this  bank  are  not  infrequent 
dikes  or  joint  fillings,  sometimes  the  filling  extending  horizontally  from 
the  joint.  There  are  also  lens-shaped  sandstone  concretions  and  a 
rather  definite  layer  of  cone-in-cone.  This  shale  bank  was  estimated 
as  from  60  to  65  feet  high,  with  20  feet  or  more  of  drift  and  soil  above 
it.  The  barometer  gave  95  feet  from  river  level  to  the  top  of  the  bank 
near  the  house  of  Mr.  F.  Weiss,  which  stands  a  short  distance  south  of 
the  glen.  The  writer  saw  no  horizon  on  either  this  high  bank  or  in  the 
glen  where  this  shale  can  be  separated  into  two  formations. 

From  the  highway  bridge  down  the  run  to  West  Branch,  and  then 
down  this  to  the  Olmsted  bridge,  black  Cleveland  shales  are  finely  shown. 
At  Olmsted,  as  has  already  been  stated,  on  both  the  East  and  West 
Branches,  as  well  as  on  Rocky  River,  are  magnificent  cliffs  of 
the  Cleveland  shale.  The  barometer  indicated  a  very  slight  fall  from 
the  mouth  of  this  run  down  to  the  Olmsted  bridge,  making  the 
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difference  in  altitude  from  the  contact  of  the  Bedford  and  Cleveland 
formations  down  to  river  level  at  the  Olmsted  bridge,  only  a  little  over 
50  feet,  which  agrees  fairly  well  with  the  topographic  map.  Another 
reading  gave  65  feet  for  the  same  interval.  When  it  is  recalled  that  there 
is  apparently  something  like  100  feet  of  mainly  black  shale  in  the  point  of 
the  lower  cliff  at  Olmsted,  and  that  the  contact  of  the  Cleveland  and 
Bedford  on  the  run  is  only  a  mile  to  the  southwest,  it  appears  that  there 
is  a  strong  dip  at  this  locality  in  that  direction. 

On  the  Maxim  farm,  three-fourths  of  a  mile  south  of  the  run  just 
described,  and  one  and  one-fourth  miles  north  of  Olmsted  Falls,  the 
apparent  contact  of  the  Bedford  formation  and  Cleveland  shale  is  again 
shown.  At  this  locality,  which  is  on  the  steep  bank  to  the  north  of  the 
lane,  there  is  a  15-inch  layer  of  sandstone  at  the  apparent  base  of  the 
Bedford  formation,  which  rests  directly  on  black  shale  that  is  consid- 
ered the  top  of  the  Cleveland.  At  the  time  of  study  this  bank  was 
in  a  pasture,  and  the  outcrops  were  somewhat  obscured;  but  35 
feet  of  apparently  black  shale  was  shown  below  what  was  called  the 
top  of  the  Cleveland. 

East  Branch  and  Berea* — East  Branch  for  one  and  one-half  miles 
or  farther  above  its  junction  with  West  Branch  is  bordered  on  each 
side  by  high  banks  of  Cleveland  shale.  Where  the  Berea  road  on  the 
western  side  of  East  Branch  crosses  it,  about  a  mile  south  of  the  Olmsted 
bridge,  there  are  cliffs  of  black  Cleveland  shale  65  feet  or  more  in.  height 
according  to  the  barometer.  The  shale  at  this  locality  contains  spec- 
imens of  Sporangites  like  those  named  Protosalvinia  huronensis  by 
Dawson,  and  there  is  a  rather  heavy  dip  up  stream  or  to  the  south. 
From  this  crossing  up  the  stream  to  the  Robinson  house,  a  half  mile 
farther  south,  the  western  bank  is  fairly  high,  and  composed  of  Cleveland 
shale.  The  black  Cleveland  shale  is  shown  in  a  small  run,  not  far  north 
of  the  Robinson  house,  and  rather  more  than  a  mile  below  the  falls 
over  the  Berea  grit  in  this  branch.  On  the  eastern  side  the  Cleveland 
shale  is  shown  in  a  small  gully  below  the  house  of  M.  D.  Reublin,  where 
it  is  massive,  with  the  typical  lithologic  appearance  of  this  shale. 
The  top  of  this  outcrop,  according  to  the  barometer,  is  50  feet  higher 
than  the  level  of  East  Branch,  on  which  is  a  bank  of  black  shale  about 
8  feet  high.  This  indicates  that  at  this  locality  there  are  some  50  feet 
of  Cleveland  shale. 

About  three-fourths  of  a  mile  northwest  of  the  locality  just  de- 
scribed, and  some  2  miles  northwest  of  the  center  of  Berea,  a  deep  well 
was  drilled  on  the  Geo.  F.  Gray  farm.  This  well  is  located  near  Abram 
Creek,  to  the  west  of  the  highway,  and  a  few  rods  to  the  south  of  it  in 
the  creek  is  black  Cleveland  shale,  which  runs  up  on  the  bank  higher 
than  the  mouth  of  the  well.  The  East  Ohio  Gas  Company  reported 
that  the  top  of  the  [Devonian]  limestone  in  this  well  was  reached  at  a 
depth  of  1,075  feet  and  its  bottom  at  2,466  feet.  A  flow  of  gas  amount- 
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ing  to  about  500,000  cu.  ft.  was  reached  at  1,280  feet;  oil  and  first  salt 
water  at  1,400  feet,  and  the  best  oil  with  heavy  salt  water  at  2,230  feet. 
From  the  bottom  of  the  limestone  at  2,466  feet,  down  to  2,705  feet,  blue 
and  green  shale  was  reported.  From  2,705  feet  to  3,050  feet,  red  shale; 
below  which,  dark  shale  extended  to  its  bottom  at  3,200  feet.  The 
company  reported  that  the  Clinton  sand  was  not  found  in  this  well.  Mr 
Geo.  F.  Gray  of  Berea,  however,  stated  that  the  bottom  of  the  well  was 
at  a  depth  of  3,355  feet.  Mr.  Gray  kept  a  bottle  of  the  different  col- 
ored drillings  from  this  well,  which  was  examined,  although  there  was 
no  record  as  to  their  depth  or  thickness.  There  is  a  light  colored  band 
in  the  bottle  which  Mr.  Gray  said  is  salt,  "that  was  reached  at  a  depth 
of  about  2,000  feet,  with  a  thickness  of  45  feet."  Below  the  salt  is  a 
light  gray  band,  which  he  stated  is  a  sand,  and  below  this  a  very  dark 
band.  Toward  the  bottom  of  the  bottle  are  two  bands  of  red  color 
which  represent  the  red  shales  in  the  lower  part  of  the  well  and  are  ap- 
parently rather  thick.  In  this  well  the  thickness  of  the  limestones  as 
reported  by  the  company,  is  1,391  feet,  below  which  is  variously  col- 
ored shale,  the  greater  part  of  which  is  red.  In  the  Newburg  well  in 
Cleveland,  some  12  miles  to  the  east,  Dr.  Orton  reported  the  thickness 
of  the  rocks  from  the  top  of  the  Devonian  limestone  to  the  top  of  the 
Niagara  limestone,  as  1,400  feet;  below  which  the  well  penetrated  an 
additional  300  feet  of  Niagara  and  Clinton  limestones,  which  makes 
the  thickness  of  the  drillers'  "Big  lime"  at  least  1,700  feet.  If  this  cor- 
relation be  correct,  unless  there  is  a  rapid  decrease  in  the  thickness  of 
the  limestone  formations  as  followed  westward,  it  would  appear  that 
these  red  shales  in  the  lower  part  of  the  Gray  well  are  in  the  Salina  for- 
mation of  New  York.  If,  on  the  other  hand,  the  limestone  formations 
decrease  rapidly  in  thickness,  so  that  the  base  of  the  Clinton  limestone 
is  reached  at  a  depth  of  2,466  feet  in  the  Gray  well,  then  the  red  shales 
probably  represent  the  Medina  and  Lewiston  shales  of  New  York 
and  the  upper  part  may  be  of  Clinton  age.  It  is  not  an  improbable 
view  that  the  much  greater  thickness  of  salt  deposits  in  Cleveland  is 
accompanied  by  a  greater  thickness  of  other  deposits  as  has  been  noted 
where  extensive  deposits  of  salt  occur  in  the  Salina  formation  in  New 
York.  If  this  supposition  be  true,  then  it  is  the  salt-bearing  deposits  of 
Cleveland,  which  in  a  general  way  Dr.  Orton  correlated  with  the  Sa- 
lina, that  have  decidedly  thinned  by  the  time  the  Gray  well  is  reached 
near  the  East  Branch  of  Rocky  River. 

The  passage  from  the  Cleveland  shale  into  the  Bedford  formation 
is  sho^wn  in  the  bed  and  on  the  banks  of  East  Branch  not  far  above  the 
bank  of  black  Cleveland  shale  which  is  below,  and  somewhat  farther 
up  stream  than  the  house  of  Mr.  M.  D.  Reublin,  and  is  also  one  and 
one-fourth  miles  or  more  below  the  park  in  Berea.  This  locality  is  an 
interesting  one,  since  it  shows  the  encroachment  of  the  typical  Cleve- 
land black  shales  upon  the  lower  deposits  of  the  Bedford  formation. 
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At  low  water  a  gray,  impure  fossiliferous  limestone  or  calcareous  sand- 
stone a  foot  thick  is  shown  crossing  the  stream,  above  which  is  a  zone 
of  black  shale  about  5  feet  in  thickness,  with  the  lithologic  appearance 
of  the  Cleveland.  The  southerly  dip  at  this  locality  is  heavy  for  this 
region,  perhaps  about  15°  in  the  vicinity  of  this  impure  limestone,  but 
d?creases  rapidly  on  ascending  the  stream.  A  little  farther  up  stream 
somewhat  sandy  layers  appear  above  the  black  shale  zone,  and  above 
this  are  bluish  shales  containing  numerous  small  concretions.  This  is 
in  turn  overlain  by  another  zone  of  black,  fissile  shale  like  the  Cleve- 
land, with  a  thickness  of  11^  feet,  which  is  capped  by  another  thin 
impure  fossiliferous  limestone.  These  two  impure  limestones  are  some- 
what concretionary  in  structure  and  big  masses  of  impure  limestone 
or  sandstone  appear  at  various  places  in  the  bed  of  the  river  or  on  the 
bank.  The  best  place  for  collecting  in  the  lower  impure  limestone  is 
in  the  bed  of  the  stream  where  it  is  dipping  strongly  to  the  southwest 
and  somewhat  above  its  outcrop  on  the  western  bank.  Fine  specimens 
of  Parallelodon  hamiltonice  (Hall)  were  collected  from  this  outcrop. 
Above,  are  grayish  shales  which  gradually  pass  up  into  soft  chocolate 
colored  ones.  The  high  bank  of  these  chocolate  shales  is  some  200 
feet  up  stream  from  the  zone  of  blue  shale  between  the  two  zones 
of  black  shale  and  on  the  land  of  Mr.  Kindler.  The  two  impure 
bluish  limestones  already  mentioned  are  both  fossiliferous,  containing 
specimens  of  Parallelodon  hamiltonice  (Hall)  and  other  species.  These 
impure  limestones,  with  a  Bedford  fauna,  apparently  indicate  that 
the  base  of  that  formation  is  at  least  as  low  as  the  base  of 
the  lower  limestone,  and  not  improbably  the  underlying  concretionary 
sandstone  likewise  ought  to  be  included  in  it;  but  that  is  so  imperfectly 
shown  on  the  western  bank  that  it  is  left  provisionally  in  the  Cleveland. 
The  two  zones  of  black  shale  above  the  lower  impure  fossiliferous  lime- 
stone are  included  in  the  Bedford  formation.  A  division  line,  however, 
based  upon  the  highest  conspicuous  black  shale  would  be  drawn  some  24 \ 
feet  higher  than  the  lower  limestone  at  the  top  of  the  second  zone  of 
blac'k  shale.  The  detailed  section  at  this  locality,  compiled  from  the 
outcrops  on  both  banks  of  the  river,  is  as  follows : 

Section  of  Bedford  Formation  on  East  Branch,  1\  Miles  below  Berea. 

Total 

No.  Thickness.  thick- 

ness. 
Ft.        In.  Feet 

14.  Bedford  formation.  The  top  of  the  outcrop 
does  not  reach  the  Berea,  and  this  bank 
is  on  the  Kindler  farm.  Mainly  soft, 
chocolate  colored,  argillaceous  shale 44  86 

13.     Some  reddish  shale;  but  mainly  grayish 6          6  42— 

12.  Thin,  calcareous  layer,  an  inch  or  so  in  thick- 
ness    __  1  35J 

32— G.  B.  15. 
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Total 

No.  Thickness.  thick- 

ness. 
Ft.         In.  Feet. 

11.  Mainly  bluish-gray  shale,  with  thin,  arena- 
ceous layers 4  6  35| 

10.     Impure,  gray  limestone,  2  to  3  inches  thick     __          2+  30| 

9.     Mainly   grayish   shale,    some    of   which   is 

thinly  laminated 5          6  30-^,- 

8.  Bluish,  impure  limestone,  containing  Par- 
allelodon  hamiltonice  (Hall)  and  other 
fossils,  2  to  9  inches  thick _  _  6  +  25-^- 

7.     Black,    fissile    shale,    with    the    lithologic 

characters  of  the  Cleveland  _.  11          4  24-^- 

6.     Blue,  arenaceous  shale 1          9  13£ 

5.     Bluish    shale,    containing    numerous    small 

concretions  3          6  llf 

4.     Blue,  rather  sandy  shale 2  8 

3.  Black,  fissile  shale,  with  the  lithologic  char- 
acter of  the  Cleveland 5=*=  __  6 

2.  Gray,  arenaceous  limestone  or  calcareous 
sandstone,  which  outcrops  on  the  western 
bank  and  in  the  bed  of  the  river,  con- 
taining Parallelodon  hamiltoniw  (Hall) 
and  other  species 1=*=  1 

1.  Cleveland  black  shale.  In  its  upper  part  is 
a  concretionary  sandstone  zone.  This 
blue,  thin-bedded,  micaceous  sandstone 
is  well  shown  in  the  bed  of  the  river,  on 
the  eastern  side,  when  the  water  is  low. 
The  layers  are  dipping  strongly  to  the 
S.  20°  W.,  and  dips  of  10°,  18°,  21°  and 
27°  were  read  on  layers  in  different  por- 
tions of  the  outcrop.  The  horizontal 
distance  across  the  zone  is  19  feet  4 
inches,  and  calling  the  average  dip  16°, 
this  gives  a  thickness  of  about  5J  feet 
for  the  sandstone.  In  the  bed  of  the 
river,  black  shale  is  clearly  shown,  both 
above  and  below  the  sandstone;  but  it 
has  almost  disappeared  from  the  bed  and 
bank  on  the  western  side.  Its  top  in  the 
bed  of  the  river  is  about  39  feet  in  hori- 
zontal distance  from  the  end  of  the  are- 
naceous, fossiliferous  limestone,  and  the 
dip  of  the  intervening  black  shale  varies 
from  10°  to  19°.  Calling  the  average 
dip  14°,  it  makes  the  top  of  the  sand- 
stone on  the  western  side  of  the  river 
about  9.4  feet,  stratigraphically,  below 
the  base  of  the  lower  fossiliferous  layer. 
It  is  evident,  however,  that  this*  lower 
sandstone  is  a  concretionary  mass  of 
more'orjess  lenticular  shape. 
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At  this  locality  several  small  anticlinal  folds  and  faults  are  shown 
in  the  river  and  on  its  banks,  so  that  the  rocks  are  considerably  dis- 
turbed; but  it  is  thought  that  these  were  all  noted  so  that  there  is  no 
repetition  in  the  above  section.  At  one  point  there  is  a  small  over- 
thrust  fault  with  a  vertical  displacement  (throw)  of  about  3  feet  as  shown 
by  the  broken  edges  of  the  second  limestone  above  the  base  (No.  8) . 

In  the  above  section  the  base  of  the  Berea  grit  is  not  shown;  but 
if  it  be  correct  to  consider  the  lowest  limestone  (No.  2)  as  the  base  of 
the  Bedford,  then  the  formation  at  this  locality  has  a  thickness  of  at 
least  86  feet.  On  the  other  hand,  if  the  top  of  the  black  shale  (No.  7) 
is  considered  the  top  of  the  Cleveland,  then  the  thickness  of  the  Bedford 
will  be  24J  feet  less  than  in  the  previous  estimate,  or  at  least  61J  feet. 
As  already  stated,  however,  it  appears  to  the  writer  that  the  Bedford 
fauna  in  the  lower  limestone  (No.  2)  strongly  supports  the  reference 
of  these  24J  feet  of  deposits  to  the  Bedford  formation. 

It  is  not  improbable  that  some  of  the  upper  shale  on  the  point  at 
Olmsted  bridge,  2  miles  to  the  northwest,  may  correspond  to  some  or 
all  of  these  transitional  black  shale  deposits  just  described  on  the  East 
Branch;  but  on  account  of  the  steep  face  of  the  cliff  it  was  hardly  possi- 
ble to  make  a  very  careful  examination  of  the  lithologic  character  of 
the  shale.  The  East  Branch  section  is  also  interesting  for  comparison 
with  the  one  on  Skinner's  Run  in  Parma  Township,  9  miles  to  the  east, 
where  there  is  27 1  feet  of  transitional  bluish  sandstone  and  black  shale 
from  deposits  of  undoubted  Cleveland  age  to  those  of  undoubted  Bed- 
ford age.  The  evidence  of  the  East  Branch  section  apparently  favors 
the  reference  of  the  transitional  deposits  of  Skinner's  Run  to  the  Bed- 
ford formation.  In  Dr.  Newberry's  section  of  the  rocks  in  the  valley 
of  Rocky  River  he  gave  in  ascending  order  above  the  Cleveland  shale 
first  60  feet  of  "gray  shale,  no  fossils  seen,"  followed  by  15  feet  of  "red 
shale  with  calcareous  bands  containing  Macrodon  [Parallelodon]  and 
Lingula"1  These  two  zones,  with  a  combined  thickness  of  75  feet, 
represent  the  Bedford  formation  in  this  section. 

About  three-eighths  of  a  mile  farther  up  East  Branch  than  where 
the  Bedford  section  was  measured,  is  a  cascade  in  the  river  formed  by 
two  falls,  where  the  stream  is  cutting  through  the  Berea  grit.  This 
cascade  is  below  the  railroad  viaducts,  and  the  base  of  the  lower  fall  is 
50  feet  lower,  barometrically,  than  the  top  of  the  Berea  grit  in  quarry 
No.  6  of  the  Cleveland  Stone  Company  in  Berea.  On  the  eastern  bank 
of  the  branch,  a  few  rods  below  the  fall  and  about  5  feet  higher  than  the 
massive  sandstone  at  its  foot,  is  an  outcrop  of  the  chocolate  colored 
Bedford  shale,  some  8  feet  of  which  is  shown.  This  bank  shows  an 
irregular  line  of  contact  between  the  Bedford  shale  and  Berea  grit,  or 
in  other  words,  a  line  of  disconformity. 

The  Berea  grit  has  been  quarried  many  years  at  Berea,  from  which 
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locality  Newberry  named  the  formation  which  he  described  as  a  drab 
sandstone,  50  feet  thick.1  A  considerable  area  has  been  quarried  over 
in  and  about  Berea,  but  the  quarries  which  were  worked  the  most  ex- 
tensively in  the  summer  of  1911  were  the  new  ones  on  the  western  side 
of  the  quarry  district  to  the  west  of  East  Branch.  Beginning  at  the 
northern  end  these  quarries  are  numbered  8,  7  and  new  6,  the  last  of 
which  is  at  the  southern  end.  The  foreman  of  quarry  No.  7  of  those 
on  the  western  side  gave  the  thickness  of  the  several  divisions  in 
the  following  section: 

Section  of  Quarry  No.  7  at  Berea. 

Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

6.  Orangeville  shale.     Exposed  on  the  bank  above  the  sand- 

stone      25±     47 

5.  Berea  grit.    Upper  part  shattered  and  poor  grade  of  stone. 

The  bottom  2  feet  of  this  sheet  or  course  is  good  rock__       5        22 

4.     Second  sheet  of  coarse,  good  rock  8        17 

3.     Goodrock  2         9 

2.     Goodrock   5          7 

1.  "Flint  rock,"  used  for  breakwater  in  Ashtabula  harbor. 
This  is  bottom  of  quarry,  since  there  is  so  much  water 
that  it  is  not  practicable  to  work  it  and  the  adjoining 
ones  deeper 2 

This  foreman,  who  has  worked  for  31  years  in  the  Berea  quarries, 
reported  that  now  the  principal  use  of  the  Berea  stone  from  these  quar- 
ries is  for  curbing,  .flagging,  grindstones  and  scythe  stones,  the  latter 
being  made  largely  during  the  winter.  There  is  now  no  considerable 
demand  from  these  quarries  for  building  or  bridge  stone.  The  Amherst 
quarries,  which  are  located  near  North  Amherst  and  farther  west  than 
Berea,  now  furnish  most  of  the  building  stone  from  this  formation. 

The  quarry  known  as  old  No.  6,  which  was  one  of  the  principal 
ones  in  1907,  located  just  west  of  Elm  Street,  is  now  abandoned.  The 
following  section  was  measured  in  the  summer  of  1907,  and  the  bank 
toward  the  southern  end  of  the  quarry  furnished  that  part  of  the  sec- 
tion above  the  sandstone: 

Section  of  Old  Quarry  No.  6  at  Berea. 

Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

8.     Till  deposit  forming  upper  part  of  bank. __._  8|      63 

7.  Orangeville  shale.     Bluish-black,  compact  shale 6        54£ 

6.  Apparently  all  compact,   black  shale,   where  freshly  ex- 

posed on  the  bank  above  the  quarry.     No  indication 
of  a  sandstone  was  seen  in  this  shale,  which  was  com- 
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Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

paratlvely  fresh  from  recent  stripping,  and  apparently 
the  Aurora  sandstone  does  not  occur  in  the  Berea 
quarries.  Certain  thin  layers  contain  specimens  of 
Lingula  melie  Hall;  but  they  are  not  abundant  in  the 

shale  that  was  examined 21        48| 

5.  Berea  grit.  Course  or  sheet  No.  4.  A  layer  from  7  to  16 
inches  thick,  and  perhaps  more,  forming  the  upper  part 
of  the  Berea,  containing  a  considerable  proportion  of 
iron  pyrites  or  marcasite,  and  weathering  to  a  some- 
what shaly  structure;  hard  and  not  valuable 5£  11\  - 

4.     Course  No.  3,  massive  quarry  stone  of  light  gray  color 

when  freshly  quarried,  similar  to  the  subjacent  ones  __      6§ 

3.     Course  No.  2  ___  7^ 

2.     Course  No.  1 6£        8£ 

1 .     Two  feet  of  sandstone  shown  at  base  of  quarry 2          2 

In  the  summer  of  1911  this  quarry  was  no  longer  worked  and  only 
9^  feet  of  the  sandstone  was  shown,  as  measured  at  the  northern  end, 
the  deeper  portion  being  under  water. 

One  of  the  foremen  told  the  writer  that  the  average  thickness  of 
the  sandstone  worked  in  these  quarries  is  20  feet.  The  upper  course 
is  not  good;  black  rock  he  called  it,  because  it  is  so  stained  from  the 
iron  pyrites  and  it  is  more  or  less  shattered.  He  reported  that  a  well 
was  drilled  for  water  in  one  of  the  quarries  near  Elm  Street,  which  went 
down  100  feet  in  sandstone  below  the  bottom  of  the  quarry.  If  this 
statement  be  correct  it  indicates  that  the  Berea  sandstone  in  Berea  is 
about  120  feet  thick.  In  1901  it  was  reported  that  in  the  quarry  then 
called  No.  8,  they  had  drilled  into  the  sandstone  below  its  bottom  to 
a  depth  of  52  feet,  which  indicated  a  thickness  of  at  least  about  80  feet 
for  the  Berea.  It  is  not  improbable  that  the  thickness  of  the  Berea 
is  variable  in  the  Berea  region  as  in  the  quarry  districts  to  the  west- 
ward. In  these,  as  for  example  at  South  Amherst  and  other  quarries, 
the  thickest  part  of  the  Berea  is  found  where  the  sand  filled  former 
channels  in  the  subjacent  formations.  In  this  old  No.  8  quarry  there 
was  considerable  shaly  sandstone  at  the  top  of  the  Berea,  and  a  clay 
pebbly  layer  near  the  top  contained  a  few  specimens  of  Camarotcechia. 

In  1901  the  following  section  of  quarry  No.  9  was  measured,  which 
is  located  at  the  eastern  end  of  the  quarry  district  and  is  not  worked 
at  present: 

Section  of  Old  Quarry  No.  9  at  Berea. 

Total 

Thick-  thick- 
No.    .  ness.     ness. 

Feet.     Feet. 

10.     Till  forming  upper  part  of  bank 10|      91£ 

9.    Orangeville  shale.     On  northern  wall  black  shale  or  gray- 
ish-black when  weathered 13 j      81  + 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

8.  Black,  bituminous  shale,  some  of  it  wijth  a  bluish  tint, 
containing  numerous  specimens  of  Lingula  melie  Hall 

and  some  of  Orbiculoidea  herzeri  Hall  and  Clarke 11        67£ 

7.  Berea  grit.  Course  or  sheet  No.  7,  which  i's  composed  of 
s'haly  sandstones,  the  layers  generally  thin  and  con- 
taining a  considerable  proportion  of  iron  pyrites  or 

marcasite;  not  valuable  quarry  stone 5|      56| 

6.  Course  No.  6.  This  and  the  lower  courses  are  all  massive 
quarry  stone,  which  is  of  light  gray  color  when  freshly 
quarried,  but  on  weathered  surfaces  it  is  often  stained 

from  the  weathering  of  iron  pyrites 4        51f 

5.    Course  No.  5 8£      47f 

4.    Course  No.  4 7f2-    39£ 

3.     Course  No.  3 6|      31f 

2.    Course  No.  2 10        25£ 

1.    Course  No.  1,  and  bottom  of  quarry 15|      15£ 

At  the  time  the  above  section  was  measured,  56  feet  10  inches  of 
the  Berea  sandstone  was  shown,  of  which  the  lower  six  courses,  with 
a  total  thickness  of  51  feet  8  inches,  were  all  composed  of  massive  quarry 
stone  of  good  quality. 

The  shale  overlying  the  Berea  sandstone  in  all  of  the  quarries 
studied  at  Berea  apparently  shows  no  evidence  of  the  Aurora  sandstone; 
consequently  the  attempt  is  not  made  to  separate  the  Sunbury  from 
the  Brecksville  shale,  and  in  the  sections  it  has  been  called  simply  the 
Orangeville  shale. 

In  Dr.  Newberry's  section  of  the  rocks  in  the  valley  of  Rocky 
River  he  gave  the  Berea  grit  as  60  feet  thick  at  Berea,  and  stated  that 
the  "upper  bench  is  shelly,  lower  massive."  The  section  further  gave 
10  feet  of  "Cuyahoga  shale  with  Lingula,  Discina,  etc.,"  as  overlying 
the  Berea  grit  at  Berea,  above  which  was  6  to  12  feet  of  " drift  clay."1 

East  Branch  and  Strongsvillc  Township* — To  the  south  of  Berea, 
in  the  southern  part  of  Middleburg,  and  northern  part  of  Strongsville 
townships,  East  Branch  is  bordered  by  rather  high  banks  of  Brecks- 
ville shale.  Such  banks  are  well  shown  in  the  vicinity  of  the  Cleveland, 
Lorain  and  Wheeling  Railroad,  nearly  two  miles  south  of  Berea. 

A  branch  of  Baldwin  Creek  crosses  the  northeastern  corner  of 
Strongsville  Township,  and  on  it,  to  the  south  of  the  most  northern 
east  and  west  road  in  this  township,  are  blackish  argillaceous  shales. 
This  outcrop  is  95  feet  barometrically  higher  than  the  level  of  East 
Branch,  one  and  three-fourths  miles  to  the  west  on  the  above  mentioned 
east  and  west  road,  and  is  apparently  in  the  Brecksville  shale.  A  little 
higher,  the  shale  is  more  of  a  bluish  color,  a  little  coarser  and  perhaps  a 
little  sandy.  There  are  numerous  outcrops,  however,  of  bluish-black 
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shale  along  the  run  for  10  feet  higher  than  the  base  of  the  lowest  out- 
crop noted  above.  Near  the  upper  part  of  these  outcrops  are  banks 
2  feet  high,  composed  of  very  soft,  blackish  shale  which  agree 
with  typical  outcrops  of  the  Brecksville.  Loose  in  the  run,  where  these 
outcrops  occur,  are  thin  sandstones,  which  lithologically  closely  resemble 
the  Sharpsville  at  the  base  of  the  Royalton  formation.  Five  feet  higher 
bluish  sandstone,  the  layers  from  2  to  4  inches  thick,  occurs  in  the  bank 
of  the  run,  which  apparently  is  not  far  from,  even  if  not,  in  place. 
Spirophyton  occurs  on  slabs  of  this  sandstone  lying  in  the  bed  of  the  run. 
These  sandstones  are  110  feet  barometrically  higher  than  East  Branch 
at  the  highway  crossing  mentioned  above,  and  apparently  are  from  the 
basal  portion  of  the  Royalton  formation.  This  run  crosses  the  first 
north  and  south  road  to  the  east  of  these  outcrops  near  the  house  of 
Ph.  Webster.  Mr.  Morse  found  outcrops  of  this  sandstone  to  the  east 
of  this  north  and  south  road,  and  some  35  feet  higher  than  those  in  the 
run,  which  are  apparently  near  the  base  of  the  Royalton  formation. 

In  the  northwestern  part  of  Royalton  Township,  2 J  miles  east  of 
the  outcrops  just  described,  something  of  a  section  in  the  Royalton  was 
found  along  the  upper  course  of  another  branch  of  Baldwin  Creek  and 
the  highway.  This  run  crosses  the  highway  at  the  second  four  corners 
on  the  most  northern  east  and  west  road  in  the  northwestern  corner  of 
this  township,  and  the  outcrops  are  to  the  northeast  of  these  corners 
and  school-house. 

Section  in  Northwestern  Part  of  Royalton.  Thick-  thick- 
No,  ness.    ness. 

Feet.    Feet. 

6.  Royalton  formation.  Thin,  rusty  colored  sandstones, 
shown  in  the  gutter  on  the  east  and  west  road,  which 
is  the  first  one  north  of  North  Royalton,  and  just  west 
of  the  Thomas  Hurst  farm.  The  junction  of  this  road 
with  the  north  and  south  one  to  North  Royalton  is  at 
the  house  of  Wayland  Edgerton,  which  is,  according  to 
the  barometer,  100  feet  higher  than  these  sandstones. 
Lower  outcrops  along  the  road  gutter,  above  where 
the  run  crosses  it,  are  arenaceous  shales,  which  are 
very  rusty  colored  from  iron  staining 20  120? 

5.  More  or  less  covered  interval  along  the  run  to  the  north 

of  the  highway 10 

4.  In  the  upper  part,  thin-bedded  sandstones,  alternating 
with  bluish  shale,  and  an  occasional  calcareous  or 
concretionary  layer.  Lower,  loose  specimens  on  the 
banks  of  the  gully  contain  numerous  segments  of  cri- 
noids,  with  an  occasional  part  of  a  calyx  and  arms, 
together  with  specimens  of  Cyrtina,  Productus,  Schu- 
chertella  and  Bryozoa.  In  the  lower  part  of  this  zone 
are  blue,  argillaceous  shales,  which  alternate  with 
thin,  bluish,  somewhat  calcareous  shales  and  thin 
layers  of  sandstone.  The  calcareous  shales  are  rather 
fossiliferous,  especially  at  the  base  of  this  zone,  and 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

contain    specimens    of    Spirifer,    Productus,   Camaro- 

tcechia,  Chonetes  and  Platyceras 50        90^ 

3.  Soft,  bluish,  argillaceous  shale  10        40| 

2.  Layer  of  impure,   very  compact  limestone  of  bluish  to 

purplish  color,  which  weathers  on  the  surface  to  a  rusty 

color,  with  a  thickness  of  6  inches  more  or  less |  =t  30| 

1.  Soft,  bluish,  argillaceous  shales,  immediately  below  the 
limestone,  and  then  covered  to  the  school-house  and 
four  corners 30  30 

The  road  and  gully  along  which  the  above  section  was  made  are 
only  about  three-fourths  of  a  mile  south  of  the  most  northern  east  and 
west  road  in  Royalton  Township,  on  which  outcrops  were  described  near 
the  close  of  the  account  of  the  Big  Creek  sections  on  p.  32.  The  base  of 
the  above  section  at  the  school-house  and  four  corners  is  180  feet 
barometrically  higher  than  the  top  of  the  Berea  grit  in  one  of  the 
quarries  on  the  bank  of  Baldwin  Creek  in  Berea. 

The  highway  about  one-fourth  mile  east  of  Strongs ville  crosses  a 
run  which  enters  East  Branch  from  the  south.  The  gully  part  of  the 
run  begins  at  the  highway,  and  in  its  upper  part  is  a  shaly  sandstone 
15  inches  thick.  The  section  described  below  was  measured  on  follow- 
ing down  this  run  from  the  highway  to  East  Branch: 

Section  on  Run  one-fourth  Mile  East  of  Strongsville. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

9.  Royalton  formation.  At  head  of  gully  at  highway  level, 
bluish,  shaly  sandstones,  15  inches  thick,  which  contain 
numerous  specimens  of  Spirophyt on  lj  124f 

8.  Immediately  below  the  sandstone  are  bluish,  soft,  argil- 
laceous shales.  The  zone,  however,  is  composed 
mamly  of  black  to  bluish,  argillaceous  to  slightly  are- 
naceous shale  . 12  123| 

7.     Bluish,  arenaceous  shales  3      111^ 

6.  A  bluish  sandstone  stratum,  8  to  9  inches  thick,  and  full 

of  Spirophyton  markings I  108^ 

5.  Immediately  beneath  the  sandstone  zone,  8  feet  of  mainly 
black  to.  bluish-black,  soft,  argillaceous  shale  is  shown; 
but  there  is  some  that  is  arenaceous 11  107f 

4.  A  layer  of  shaly,  blue  sandstone,  2  to  3  inches  thick \      96| 

3.  Blackish,  soft,  argillaceous  shale 6J      96^  + 

2.     Bluish,  shaly  sandstone,  3  to  4  inches  thick,  weathering 

to  a  rusty  color j  +  90j 

1.  Brecksville  shale.  From  the  above  thin  sandstone  zone, 
soft,  black,  argillaceous  shale  extends  down  the  run  to 
the  East  Branch.  According  to  the  barometer,  from 
90  to  95  feet  of  this  shale  is  shown,  in  which  are  several 
small  folds..  90+  90 
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In  the  above  section,  it  is  perfectly  clear  that  the  lower  90  feet  or 
more  of  black  shale  all  belongs  in  the  Brecksville.  As  the  formations 
are  followed  to  the  southwest  from  the  Cleveland  region,  the  Sharps- 
ville  sandstones  are  largely  replaced  by  shale,  so  that  it  is  more  difficult 
to  decide  where  the  line  between  the  Orangeville  and  Royalton  forma- 
tions shall  be  drawn.  For  example,  in  the  above  section,  the  writer 
is  not  positive  whether  the  lowest  sandstone,  No.  2,  should  be  consid- 
ered the  base  of  the  Royalton  formation  or  the  lowest  Spirophyton 
sandstone,  No.  6,  which  is  18  feet  higher.  These  Spirophyton  sand- 
stones were  readily  recognized  in  various  sections  from  this  region  on 
to  the  southwest  toward  Medina,  but  the  lowest  thin  blue  sandstone  is 
thought  to  represent,  stratigraphically,  more  nearly  the  base  of  the 
Royalton  formation  in  the  Cuyahoga  Valley  sections,  and  consequently 
that  horizon  has  been  called  the  base  of  the  Royalton  formation  in  this 
and  other  sections  up  East  Branch  and  West  Branch. 

On  Chippewa  Creek,  some  10  miles  to  the  east,  the  lowest  Spi- 
rophyton sandstone  is  10  feet  above  the  base  of  the  5-foot  zone  of  com- 
pact blue  sandstone,  which  was  considered  the  basal  zone  of  the  Royal- 
ton  formation.  Apparently,  this  lower  sandstone  zone  of  Chippewa 
Creek  has  been  mainly  replaced  by  shale  in  this  section,  so  that  to  the 
southwestward  the  lowest  Spirophyton  sandstone  becomes  the  most 
conspicuous  line  of  division  between  the  Orangeville  and  Royalton 
formations.  The  top  of  the  Spirophyton  sandstone  by  the  highway  is, 
according  to  the  barometer,  155  feet  higher  than  the  top  of  the  Berea 
grit  in  one  of  the  Berea  quarries.  The  base  of  the  lowest  sandstone  in 
the  above  section  is  34f  feet  lower,  which,  ignoring  the  dip  between 
this  locality  and  the  Berea  quarry,  some  4  miles  to  the  northwest,  leaves 
about  120  feet  for  the  thickness  of  the  Orangeville  formation.  This 
is  in  close  agreement  with  it?  thickness  on  Chippewa  Creek,  where  it  is 
115  feet. 

Two  miles  east  of  Strongsville,  Willow  Brook  enters  East  Branch 
from  the  south  near  Roy's  Mill,  along  which,  for  a  distance  of  about 
2  miles,  outcrops  of  the  Brecksville  shale  and  Royalton  occur  frequently. 
This  section  was  continued  over  a  covered  interval  of  some  60  feet  to 
.the  Sharon  conglomerate  on  Strong's  or  Stone  Hill  in  the  southern  part 
of  Strongsville  Township,  and  northern  part  of  Brunswick  Township. 

Section  from  Top  of  Strong's  Hill   down  Willow  Brook  to  East  Branch. 

Total 
Thick-     thick- 


No.  Feet.       Feet. 

25.  Sharon  conglomerate.  The  top  of  the  outcrop  is  on 
the  north  and  south  road,  crossing  the  hill  in  front 
of  the  John  Aylard  house,  and  to  the  south  of  the 
four  corners.  Mainly  light  gray  sandstone,  but  in 
places, as  shown  along  the  east  and  west  road  cross- 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

ing  the  northern  end  of  the  hill,  there  are  numer- 
ous pebbles.  The  highest  outcrops  on  the  east  and 
west  road  are  rather  conspicuously  glaciated.  The 
lowest  21  feet  of  this  zone  is  shown  in  the  quarry 
on  the  Wm.  Whiteman  farm,  which  is  mainly  a 
massive,  coarse-grained,  very  light  gray  sandstone. 
The  upper  part  of  the  quarry  wall  shows  some 
cross-bedding,  although  it  is  not  very  conspicuous.  75  410 

24.  Covered  interval  below  quarry,  at  the  base  of  which 
is  a  ledge  of  Sharon  conglomerate.  Under  this 
ledge  is  springy  ground,  indicating  that  it  is  near 
the  base  of  the  coarse-grained  and  porous  Sharon 
sandstone  and  conglomerate  20  335 

23.  Covered  interval  from  lowest  ledge  on  Strong's  Hill 
down  to  highest  outcrops  on  Willow  Brook.  Prob- 
ably nearly,  if  not  all  of  this  interval,  belongs  in 
the  Royalton  formation  60  315 

22.  Royalton  formation.  Highest  outcrops  mainly  thin, 
shaly,  blue  sandstones,  below  which  are  blue  shales, 
containing  thin  sandstone  layers  and  calcareous, 
concretionary  ones 15  255 

21.  Mainly  bluish,  somewhat  arenaceous  shales,  with  nu- 
merous thin  sandstone  layers  and  calcareous,  con- 
cretionary ones  10  240 

20.  Bluish  shales,  alternating  with  thin,  blue  sandstones. 
The  base  of  this  zone  is  by  the  highway  bridge 
abutment,  at  the  school-house  of  District  No.  3, 
and  just  east  of  the  house  of  Mr.  A.  L.  Sanderson. 
About  3  feet  above  the  base  of  the  outcrop  in  the 
road  gutter  below  the  Sanderson  house,  the  some- 
what coarse,  bluish-gray  shales  begin  to  be  rather 
fossiliferous  and  continue  so  for  a  couple  of  feet. 
The  most  abundant  forms  are  Brachiopoda  and 
Bryozoa,  which  in  less  abundance  were  noted  for  3 
or  4  feet  above  the  2-foot  zone.  The  fossils  begin 
about  2  feet  higher  than  the  base  of  this  zone.  The 
lower  shales  are  rather  arenaceous,  and  contain 
calcareous  nodules  of  blue  color,  which  weather  to  a 
rusty  brown 25  230 

19.  Mainly  bluish,  fine  shales,  with  numerous  calcareous 

concretions,  some  of  which  are  fossilifereous 10  205 

18.     Blue,  shaly  sandstone  zone,  about  1  foot  thick 1=*=         195 

17.  Bluish  shales,  with  rather  numerous  layers  of  thin 

sandstones 19  194 

16.  Bluish-gray,  shaly  sandstone,  which  is  slightly  calca- 
reous, and  contains  some  poorly  preserved  fossils ._  \±  175 

15.  Bluish-black  shales,  with  more  numerous  thin  sand- 
stone and  concretionary  layers  than  in  zone  No.  13.  25  174 \ 

14.     Bluish  sandstone  zone,  4  to  5  inches  thick \ —       149! 

13.  Bluish-black  shales,  with  thin  sandstone  and  concre- 
tionary layers,  which  are  calcareous _.  20  149 


PLATE  XXYI. 


A — Chagrin  shale 


Creek,  about  six  miles  southwest  of  Conneaut. 
See  page  448. 


B. — Base  of  Koyalton  formation  on  Willow  Brook.    Mr.  Morse  stands  on  the  basal 
sandstone,  marks  the  second  one,  and  still  higher  is  the  Spirophyton  sandstone. 

See  page  491. 
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Total 

Thick-     thick- 
ness,     ness. 
No.  Feet.      Feet. 

12.     Blue  and  compact  sandstone  layer !="=       129 - 

11.  Bluish-black,  soft  shales,  with  an  occasional  thin,  blue 
sandstone  and  calcareous,  concretionary  layers, 

which  weather  to  a  rusty  brown  color 20  128 J 

10.  Spirophyton  sandstone,  12-15  inches  thick,  making  a 
small  fall  in  the  brook.  According  to  the  barom- 
eter, this  stratum  is  20  feet  lower  than  the  one 
about  1|  miles  to  the  northwest,  on  the  highway 
one-fourth  mile  east  of  Strongs ville.  It  appears 
probable  that  it  is  the  same  stratum  at  both  lo- 
calities    1+  108£ 

9.     Bluish-black  shale,  which  is  somewhat  gritty 10$          107 J 

8.  Shaly,  bluish  sandstone  to  arenaceous  shale,  with 
Spirophyton,  which  is  2  feet  11  inches  in  thick- 
ness    3-  97 

7.     Bluish  sandstone  zone,  with  trails  on  under  surf  ace.  __        f  94  — 

6.     Mainly  blackish,  somewhat  gritty  shale,   containing 

nodular,  rusty  colored,  calcareous  concretions 8  93 j 

5.     Thin,  bluish,  shaly  sandstone,  which  weathers  to  a 

rusty  color,  3  to  4  inches  thick |+        85^ 

4.     Soft,  blackish,  argillaceous  shale 4f  85 

3.     Basal  sandstone,  3  to  4  inches  thick ?  80? 

2.    Brecksville    shale.     Soft,    black,    argillaceous    shale, 

50  feet  of  which  is  shown  50  80 

1.     Covered  by  glacial  and  alluvial  deposits  to  level  of 

East  Branch 30  30 

Plate  XXVI,  B,  shows  the  lower  part  of  the  Royalton  formation 
on  Willow  Brook.  Mr.  Morse  is  standing  on  the  basal  sandstone  of 
the  Royalton  (No.  3  of  the  section)  and  marking  with  the  hammer  the 
second  thin  blue  sandstone  (No.  5).  Higher  on  the  bank  is  shown  the 
projecting  layer  of  the  lower  Spirophyton  sandstone  (No.  7),  above  which 
are  the  shaly  sandstones  to  arenaceous  shales  of  No.  8,  which  also 
contain  Spirophyton. 

There  are  small  folds  shown  on  Willow  Brook,  both  below  and 
above  the  highway  bridge  at  the  school-house.  Two  or  three  of  them 
are  rather  sharp  anticlines,  but  apparently  they  extend  for  only  a  short 
distance. 

As  will  be  noted,  the  above  section  is  a  long  one  for  northern  Ohio 
and  a  good  one  for  studying  the  transition  from  the  Orangeville  forma- 
tion to  the  Royalton,  and  all  but  about  the  upper  60  feet  of  this  last 
formation.  In  this  section,  as  in  the  one  one-fourth  mile  east  of  Strongs- 
ville,  near  the  base  of  the  Royalton  formation,  there  are  two  thin  sand- 
stone layers  containing  numerous  specimens  of  Spirophyton.  In  the 
Willow  Brook  section  they  are  separated  by  13J  feet  of  shale,  and  in 
the  other  by  15  feet  of  shale.  In  both  sections  there  are  two  thin  bluish 
sandstones  beneath  the  lowest  Spirophyton  one  before  reaching  the  soft 


492  DEVONIAN  AND  MISSISSIPPIAN 

black  Brecksville  shale.  In  the  section  one-fourth  mile  east  of  Strongs- 
ville  the  interval  between  the  top  of  the  Brecksville  shale  and  the  base 
of  the  lowest  Spirophyton  sandstone  is  18  feet,  and  in  the  Willow  Brook 
section  13J  feet. 

Southwestern  Part  of  Royalton  Township* — East  Branch  crosses 
the  southwestern  part  of  Royalton  Township  and  receives  numerous 
tributaries  from  the  high  hills  on  each  side  of  its  course,  but  the  older 
rocks  to  a  large  extent  along  these  streams  are  concealed  by  alluvial 
and  glacial  deposits.  A  run  of  considerable  size  enters  East  Branch 
from  the  east  about  a  mile  above  Roy's  Mill,  but  the  banks  are  allu- 
vial and  clay,  and  no  shale  is  shown.  The  lower  course  of  the  stream 
was  followed  for  a  mile  up  to  the  first  east  and  west  road  crossing  it. 

A  run  in  the  southwestern  corner  of  Royalton  Township,  which 
lies  to  the  northwest  of  the  road  from  Bennetts  Corners  to  North  Roy- 
alton, and  enters  East  Branch  from  the  southwest,  shows  the  transi- 
tion from  the  Brecksville  shale  to  the  Royalton  formation.  The  highest 
outcrops  studied  on  this  run  are  above  the  first  east  and  west  highway 
south  of  East  Branch  and  near  the  Wm.  Meacher  farm. 

Section  on  Run  in  Southwestern  Corner  of  Royalton  Township. 

Total 

Thick-     thick- 
ness,     ness. 
No.  Feet.       Feet, 

10.  Royalton  formation.  Spirophyton  sandstone,  con- 
taining many  impressions  of  this  fossil.  Outcrops 
on  bank  of  run;  but  is  not  very  conspicuously  shown 
and  is  some  6  inches  thick £  68£ 

9.  Interval  partly  covered,  but  showing  in  part  of  it  black 

shale 6|  68 

8.  Sandstones,  alternating  with  arenaceous  and  rather 

coarse  shales 3  61^ 

7.  Hard  sandstone,  which  contains  immense  numbers  of 
stem-like  markings,  especially  on  the  under  sur- 
face, which  are  cylindrical  in  shape  and  fairly  long. 
Higher  in  the  stratum  is  a  considerable  number 
of  Spirophyton  impressions.  This  sandstone  con- 
tains a  high  percentage  of  marcasite,  and  it  makes 
a  small  fall  in  the  run  a  few  rods  above  the  highway 
culvert  §  58£- 

6.     Shale  zone,  7|feet  thick 1\  571 

5.  Bluish,  fine-grained  sandstone,  3  to  4  inches  thick  and 
shown  on  the  eastern  bank  just  below  the  stone 
highway  culvert 1+  50j 

4.     Black,  soft  shale   . 4f  50 

3.     Blue  sandstone,  3  to  4  inches  thick  i  45j 

2.  Brecksville  shale.  All  black,  soft  shale,  with  the  ex- 
ception of  a  band  of  arenaceous,  blue  shale  about 
2  inches  thick,  within  10  feet  or  so  of  the  top  of  the 
Brecksville  shale 40  45 

1.     Alluvial  banks  to  level  of  East  Branch  __  55 
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In  this  section,  as  in  the  one  on  Willow  Brook  and  in  the  other,  one- 
fourth  mile  east  of  Strongsville,  there  are  two  thin,  blue  fine-grained 
sandstones  between  the  top  of  the  Brecksville  shale  and  the  base  of  the 
lowest  Spirophyton  sandstone.  The  interval  between  the  top  of  the 
Brecksville  shale  and  the  base  of  the  lowest  Spirophyton  sandstone  in 
this  section  is  12 J  feet;  in  the  Willow  Brook  one,  2i  miles  to  the  north- 
west, 13J  feet,  and  in  the  one  one-fourth  mile  east  of  Strongsville,  3J 
miles  to  the  northwest  of  the  section  just  described  in  Royalton,  18  feet. 
In  the  Royalton  section,  the  interval  between  the  two  Spirophyton  sand- 
stones is  lOf  feet;  in  the  Willow  Brook  section,  13 J  feet,  and  in  the  one 
one-fourth  mile  east  of  Strongsville,  15  feet. 

This  section  in  the  southwestern  corner  of  Royalton  Township  is 
an  important  one,  since  it  shows  the  transition  from  the  Orangeville 
formation  to  the  Royalton.  The  section  on  the  steep  hill  northwest  of 
North  Royalton  (pp.  129,  130)  shows  the  greater  part  of  the  upper  and 
middle  portions  of  this  formation,  but  does  not  show  the  lower  part  and 
passage  down  into  the  Orangeville  formation.  These  two  sections  show 
the  greater  part  of  the  Royalton  formation  and  are  both  in  Royalton 
Township,  from  which  the  formation  is  named. 

On  the  western  bank  of  East  Branch,  on  the  Wm.  Meacher  farm, 
and  perhaps  one-half  mile  below  the  mouth  of  the  run  which  furnished 
the  above  section,  is  the  bank  of  Brecksville  shale  some  18  feet  high, 
which  has  been  mentioned  in  that  part  of  this  bulletin  in  which  the 
sections  near  North  Royalton  are  described.  This  is  the  last  bank  of 
Brecksville  .shale  that  was  seen  on  East  Branch  as  it  was  followed  up 
stream. 

Olmsted  Falls  on  West  Branch* — It  has  already  been  stated  that 
Rocky  River  is  formed  by  the  junction  of  the  East  and  West  Branches 
at  Olmsted,  and  sections  in  the  vicinity  of  that  locality  have  been  des- 
cribed (pp.  474-479).  Rather  more  than  2  miles  to  the  south  of  Olmsted 
is  Olmsted  Falls,  where  the  West  Branch  cuts  through  the  Berea  grit  and 
also  from  the  falls  on  down  stream  it  shows  most  interesting  contacts  of 
the  Berea  and  Bedford,  and  Bedford  and  Cleveland  formations. 

The  contact  of  the  Bedford  and  Cleveland  formations  is  shown  on  the 
eastern  bank  of  West  Branch,  about  one-half  mile  below  the  lower  bridge 
over  West  Branch  in  Olmsted  Falls,  and  not  far  below  the  northern 
end  of  the  street  which  extends  down  the  western  bank  of  the  river  from 
Olmsted  Falls.  It  is  also  above  the  house  of  Mr.  John  Speer,  Jr.,  on 
the  eastern  side  of  West  Branch.  At  the  base  of  the  Bedford,  as  ex- 
posed on  this  bank,  is  a  9-inch  or  thicker  sandstone  stratum,  similar 
to  the  one  already  described  in  the  run  on  the  opposite  side  of  the  river, 
one  mile  southwest  of  Olmsted,  and  about  1J  miles  northwest  of  this 
locality.  This  sandstone  stratum  is  slightly  calcareous,  and  on  weath- 
ering becomes  very  rusty  in  color  from  the  iron.  The  very  black  Cleve- 
land shale  immediately  underlies  this  sandstone,  and  some  15  feet  of  it 
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is  shown  on  the  bank  down  to  river  level.  A  few  rods  farther  down 
stream  some  25  feet  of  the  Cleveland  black  shale  is  shown  on  the  steep 
bank  at  the  upper  end  of  the  outcrop.  This  cliff  shows  that  the  shales 
are  dipping  very  strongly  up  stream  in  a  direction  west  of  south.  The 
basal  sandstone  of  the  Bedford,  according  to  Mr.  Morse,  is  shown  in 
the  bed  of  West  Branch  not  many  rods  above  the  bank  on  which  the 
contact  described  above  occurs.  Above  this  sandstone  are  shown  some 
blue  shale  and  thin  sandstones  before  reaching  the  chocolate  colored 
shale. 

The  next  bank  up  stream  above  the  one  on  which  the  contact  of  the 
Cleveland  and  Bedford  formations  occurs,  shows  chocolate  colored 
Bedford  shale.  Opposite  this  bank,  on  the  western  side  of  the  river, 
is  another  cliff  of  chocolate  shale. 

A  run  entering  West  Branch  from  the  east  a  little  farther  up  stream 
shows  a  concretionary  and  contorted  zone  at  the  base  of  the  Berea  grit, 
which  is  only  10  feet,  or  a  little  more,  higher  than  the  level  of  West 
Branch.  Only  a  few  rods  farther  down  the  stream,  on  the  oppo- 
site bank,  is  a  cliff  of  chocolate  colored  Bedford  shale  22J  feet  high, 
with  at  least  5  feet  of  Bedford  below  it. 

Farther  up  West  Branch,  on  its  eastern  bank,  and  only  a  few  rods 
below  the  lower  bridge  at  Olmsted  Falls,  is  a  striking  bluff  of  the  Berea 
grit  and  chocolate  colored  Bedford  shale.  The  lower  part  of  the  Berea 
is  contorted  and  a  mass  of  chocolate  colored  Bedford  is  shown  between 
two  banks  of  Berea  sandstone  filling  channels  in  the  Bedford.  At  the 
upper  end  of  the  outcrop  is  chocolate  colored  Bedford  shale,  and  on  top 
of  this  dark  to  bluish-gray  argillaceous  Bedford  shale,  which  is  nearly 
under  a  mass  of  Berea  grit  that  has  somewhat  concentric  layers  re- 
sembling to  a  certain  extent  a  great  concretion.  This  sandstone  is  just 
a  little  farther  down  stream,  with  a  vertical  height  of  some  15  feet.  On 
its  northern  side  is  a  bank  of  chocolate  colored  Bedford  shale  20-25  feet 
high,  and  12-15  feet  wide,  the  base  of  which  is  near  river  level.  To  the 
north  of  the  Bedford  shale  is  another  mass  of  Berea  sandstone  filling 
a  channel  with  the  lower  layers  curving  upward  to  some  extent  as  though 
conforming  in  shape  to  the  channel  in  which  the  sand  was  deposited.  It 
has  been  suggested  that  slumping  may  have  had  something  to  do  with 
the  position  of  these  two  masses  of  sandstone,  although  the  writer  did 
not  see  the  evidence  to  support  this  view.  The  same  statement  may  be 
made  concerning  the  contact  of  the  Berea  and  Bedford  in  some  of  the 
other  stream  sections  which  have  been  described,  although  in  the  writer's 
judgment  it  has  not  affected  to  any  considerable  extent  the  position  of 
these  two  formations  at  the  contacts  which  have  been  described.  A 
view  of  this  bank  in  which  the  channel  fillings  of  Berea  sandstone  are 
indicated  by  arrows  is  shown  in  Plate  XXVII.  The  chocolate  colored 
Bedford  shale  forms  the  smooth  part  of  the  bank  between  the  two 
masses  of  sandstone. 
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Along  this  part  of  West  Branch,  and  below,  it  is  evident  that  there 
is  a  heavy  dip  up  stream.  It  is  also  obvious  that  the  upper  surface  of 
the  Bedford  is  very  irregular,  on  which  occurs  the  concretionary  and 
contorted  lower  Berea  sandstone.  This  structure  is  shown  again  on 
the  eastern  bank  of  the  river  a  short  distance  above  the  lower  bridge 
in  Olmsted  Falls. 

The  Berea  grit  occurs  on  the  bank  of  West  Branch  and  in  the 
bed  of  the  stream  under  the  lower  bridge  crossing  it  in  Olmsted  Falls.  It 
also  forms  low  cliffs  on  the  eastern  bank  and  along  the  lower  course  of 
Plum  Creek,  which  enters  West  Branch  from  the  west,  a  short 
distance  above  the  lower  bridge.  About  opposite,  on  the  eastern  side 
of  West  Branch,  is  a  bank  of  chocolate  colored  Bedford  shale,  which 
is  13  feet  high  and  reaches  river  level.  At  the  top  of  the  shale  bank  is 
a  zone  of  very  dark  gray  to  bluish  argillaceous  shale,  perhaps  1J  feet  in 
thickness.  A  little  above  the  bank  of  chocolate  Bedford  shale,  although 
it  reaches  in  the  stream  bed  to  within  5  feet  of  it,  is  a  very  much  con- 
torted sandstone  zone,  with  the  typical  Berea  sandstone  shown  a  little 
farther  up  stream.  Part  of  this  sandstone  stratum  is  extremely  con- 
torted, and  thin  sandstone  layers  stand  almost  on  end  as  it  extends 
into  the  river.  Some  of  them  contain  a  large  amount  of  iron  pyrites 
or  marcasite.  The  sand  grains  in  this  contorted  stratum  are  rather 
fine,  and  on  weathering,  part  of  the  layers  are  reddened  from  the  iron. 
The  structure  of  this  contorted  stratum  is  perhaps  due  to  concretionary 
action  on  a  large  scale  at  the  base  of  the  Berea  formation.  Higher  on 
the  bank,  and  a  little  down  stream,  are  shown  layers  of  massive  Berea 
grit,  with  its  usual  texture  and  structure,  while  on  the  lower  part  of 
the  bank,  and  still  a  little  farther  down  the  river,  is  the  smooth  bank 
of  soft  chocolate  Bedford  shale. 

A  few  rods  farther  up  the  river  and  at  a  few  feet  higher  elevation, 
the  massive,  coarse-grained  Berea  sandstone  is  shown  in  contact  with 
the  Bedford  shale,  and  the  contorted  or  concretionary  stratum,  so  con- 
spicuous a  little  below,  is  entirely  wanting. 

Up  the  river  for  some  distance  the  Berea  forms  its  bed  and  banks, 
but  the  walls  are  not  very  high.  It  occurs  under  the  viaduct  of  the 
Lake  Shore  and  Michigan  Southern  Railroad,  and  a  few  rods  above 
forms  the  low  fall  on  which  the  dam  has  been  built.  The  bedding  in 
the  lower  part  of  the  Berea  at  this  locality  is  very  irregular,  as  is  clearly 
shown  in  the  banks,  which  in  places  are  perhaps  15  feet  high.  At  the 
upper  highway  bridge  in  Olmsted  Falls,  the  surface  of  some  of  the 
layers  of  the  Berea  shows  ripple-marks.  The  top  of  this  outcrop  near 
the  upper  highway  bridge  is  about  40  feet  higher  according  to  the 
barometer  than  the  base  of  the  Berea  above  the  lower  bridge  over 
West  Branch  in  Olmsted  Falls. 

A  deep  well  located  on  the  Garfield  and  Caine  farm  on  the  Dutch 
Road,  about  one-half  mile  west  of  Olmsted  Falls,  was  drilled  by  the 
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East  Ohio  Gas  Company.  The  barometer  gave  the  mouth  of  this  well 
.as  85  feet  higher  than  the  level  of  West  Branch  at  the  mouth  of  Plum 
Creek,  which  is  in  the  Berea  sandstone  a  short  distance  above  the  lower 
bridge  crossing  West  Branch  in  Olmstead  Falls,  although  a  few  rods  farther 
up  stream  on  the  opposite  bank  of  West  Branch  the  red  Bedford  shale 
extends  down  to  the  water  level.  The  barometer  also  gave  it  as  20  feet 
higher  than  the  highest  outcrop  of  the  Berea  sandstone  on  Plum 
Creek  just  below  the  Dutch  Road  bridge  over  it,  and  one-half  mile 
east  of  the  well. 

Farther  down  Plum  Creek,  below  the  railroad  tracks,  is  the  upper 
fall  over  the  Berea  sandstone,  and  the  lower  one  over  the  same  forma- 
tion is  near  its  mouth. 

Section  of  Gar  field  and  Caine  Well. 

Thickness.       Total 

depth. 

Feet.  Feet. 

Drift  __•_ 10  10 

Berea  sandstone 80  90 

Bedford  and  Ohio  shales  _.                             1120  1210 

Top  of  Devonian  limestone  at  a  depth  of  1210  feet.     Bottom 
of  limestones,  which  probably  include  the  Devonian, 

Monroe,  "Niagara"  and  Clinton  at  2665 1455  2665 

Sandstone  (probably  Clinton)  with  showing  of   gas 15  2680 

From  bottom  of  sand,  blue  shale  to  top  of  Medina. 60  2740 

Bottom  of  well,  according  to  Company's  record,  at  a  depth 

of  8  feet  in  the  Medina 8  2748 1 

As  has  already  been  stated  in  the  discussion  of  the  well  on  the  Geo. 
F.  Gray  farm,  to  the  northwest  of  Berea,  it  appears  that  the  thickness 
of  the  series  of  Devonian  and  Silurian  limestone  formations  decreases 
from  Cleveland  westward,  consequently  it  is  probable  that  these 
wells  reached  to  the  depth  of  the  Medina  formation.  In  the  Gray  well, 
according  to  the  Company's  record,  the  thickness  of  the  series  of  lime- 
stone formations  is  1,391  feet,  and  in  the  Garfield  and  Caine  well,  1,455 
feet.  From  the  top  of  the  Devonian  limestone  in  the  former  well,  down 
to  the  top  of  red  shale  (Medina  ?)  is  1,730  feet,  while  in  the  latter  well, 
the  interval  from  the  top  of  the  limestone  down  to  what  the  Company 
reported  as  Medina,  is  1,530  feet. 

West  Branch  and  Baker  Creek* — A  quarry  of  some  extent  has  been 
opened  in  the  Berea  grit  on  the  eastern  side  of  West  Branch  at  West- 
view,  in  the  extreme  southern  part  of  Olmsted  Township.  One  of  the 
quarry  walls,  when  measured  in  1907,  was  43  feet  high.  The  weathered 
surfaces  of  some  of  the  benches  were  considerably  stained  and  did  not 
appear  to  be  a  high  grade  of  stone  for  building  purposes.  The  quarry, 
however,  at  that  time  was  worked  somewhat  extensively,  and  the  stone 
used  for  construction  and  grindstones.  Mr.  Morse  reported  the  clerk 
as  stating  that  two  wells,  500  feet  apart,  were  drilled  at  quarry  No.  3. 

JThe  greater  part  of  this  record  was  published  by  Professor  Bownocker  in  Bull. 
12,  Geol.  Surv.  Ohio,  4th  ser.,  p.  65. 
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One  passed  through  140  feet  and  the  other  60  feet  of  Berea  sandstone. 
The  mouths  of  the  wells  were  at  approximately  the  same  level  so  that 
it  was  the  base  of  the  Berea  which  varied,  indicating  a  disconformity. 
Another  quarry  in  the  Berea  grit  is  located  on  the  same  side  of  the  river 
in  Columbia  Township,  one  mile  south  of  the  one  at  Westview.  The 
wall  of  this  quarry  is  some  50  feet  high,  and  grindstones  were  made  from 
a  part  of  the  stonf . 

Nearly  1J  miles  west  of  the  quarry  just  described,  are  those  at  Co- 
lumbia Station  in  Columbia  Township,  of  which,  in  1911,  only  the 
Columbia  quarry  was  actively  worked.  The  following  section  was 
measured  at  the  western  end  of  the  quarry: 

Section  of  Columbia  Quarry. 

Total 
No.  Thickness.  thick- 


Ft.         In.  Feet. 

8.     Soil  and  till,  including  boulder  clay.    The 

barometer  gave  25  feet  for  thickness  of 

this  deposit 25±     _.  84£ 

7.     Top  of  Berea  grit]  the  upper  4±  feet  of  which 

is  thin-bedded  to  shaly  sandstone,  and 

not  valuable.     Top  course  or  sheet  and 

No.  7  counting  from  the  bottom  of  the 

quarry 5        10  59£ 

6.     Course  No.  6,  massive,  light  gray,  rather 

coarse-grained     sandstone,     similar     in 

lithologic     appearance     to     the     lower 

courses  3         8  53f 

5.    Course  No.  5 10         4  50 

4.     Course  No.  4 6          2  39§ 

3.    Course  No.  3 10        _.  33£ 

2.     Course  No.  2 11        _.  23| 

1.     Course  No.  1 12          6  12| 

The  wall  of  the  quarry  was  measured  with  the  tape  line,  course  by 
course,  and  a  total  thickness  of  59J  feet  was  obtained  for  the  Berea  as 
shown  in  it.  The  barometer  gave  a  thickness  of  60  feet  from  the  bottom 
of  the  quarry  to  the  top  of  the  sandstone,  which  is  in  close  agreement 
with  the  result  obtained  by  using  the  tape. 

The  southwest  corner  of  the  quarry  when  visited  was  under  water, 
and  the  foreman  stated  that  it  had  been  worked  8  feet  deeper  than  the 
present  water  level,  when  soapstone  was  struck.  This  apparently  in- 
dicates that  the  Berea  grit  is  at  least  67  J  feet  thick  in  this  quarry,  which  is 
near  the  thickness  of  the  Berea  in  this  region.  The  principal  use  of  the 
stone  from  this  quarry  is  reported  to  be  for  buildings  and  grindstones. 

To  the  northeast  of  the  Columbia  quarry  is  the  large  one  of  the 
Cleveland  Stone  Company,  which  was  not  actively  worked  in  1911.  The 
foreman  of  the  Columbia  quarry  stated  that  it  went  no  deeper  than  the 
Columbia  quarry,  but  one  of  the  quarrymen  said  that  it  was  called  80  feet 
deep,  or  20  feet  deeper  than  the  present  floor  of  the  Columbia  quarry. 

33—0.  B.   15. 
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Baker  Creek  enters  West  Branch  from  the  east,  just  below  West- 
view,  and  this  stream  was  followed  across  the  northeastern  corner  of 
Columbia  Township  and  the  southwestern  one  of  Strongs ville.  The 
course  of  the  creek  was  followed  up  to  the  second  east  and  west  road 
south  of  Vigil,  above  which  its  banks  are  low  to  its  head-waters  about 
the  northern  end  of  Strong's  Hill  in  the  northern  part  of  Brunswick 
Township. 

Section  along  Baker  Creek. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

11.  Royallon  formation.  Bluish-black  shales,  with  an 
occasional  thin  sandstone,  none  of  which  is  more 
than  6  inches  thick;.  There  are  also  occasional 
concretionary,  calcareous  layers,  which  as  weath- 
ered, are  of  rusty  color.  Highest  outcrops  a  few 
rods  below  the  second  east  and  west  road  south  of 
Vigil.  There  are  a  good  many  small  rolls  in  the 
shales,  so  that  it  is  not  safe  to  consider  all  the  in- 
creased elevation  as  representing  an  increase  in  the 
thickness  of  the  rocks  50  177 

10.  Upper  Spirophyton  sandstone,  which  is  more  massive 
and  thicker  than  in  most  of  the  other  sections  in 
Cuyahoga  County.  It  is  1  foot  5  inches  thick, 
contains  numerous  specimens  of  Spirophyton  and 
is  excellently  shown  on  the  bank  of  the  creek  a  few 
rods  below  the  north  and  south  highway  and  the 
Electric  line,  seven-eighths  of  a  mile  south  of  Vigil. 
The  culvert  of  the  electric  road  rests  on  this  sand- 
stone, and  a  few  rods  above  it  is  a  sharp  anticlinal 
fold,  which  has  carried  the  Spirophyton  sandstone 
some  6  feet  above  the  creek  level.  It  is  about  25 
feet  across  the  base  of  the  fold,  and  its  axis  is  about 
S.  20°  E.  This  Spirophyton  sandstone  is  also  shown 
high  on  the  creek  bank  one-half  mile  down  stream 
a  short  distance  below  the  Cleveland,  Lorain  and 
Wheeling  Railroad,  and  near  level  of  the  track____  1£—  127 

9.     Mainly  fine   shale,    but   with  some   layers   that   are 

coarser 13$          125| 

8.     Thin,  shaly  sandstones,  alternating  with  arenaceous 

shales  2f          112£ 

7.  Lower  Spirophyton  sandstone,  which  is  a  compact, 
7-inch  layer,  full  of  stem-like  impressions,  with 
some  specimens  of  Spirophyton.  This  stratum  is 
shown  on  the  bank  under  the  Cleveland,  Lorain 
and  Wheeling  Railroad  trestle _  -^  109-^- 

6.     Mainly  black,  soft,  argillaceous  shale llf          108| 

5.  Thin  sandstone  stratum,  3£  inches  thick,  which  is  also 
shown  on  creek  bank  a  little  below  the  Cleveland, 
Lorain  and  Wheeling  Railroad  trestle i+  97 

4.     Mainly  soft,  black  shale,  but  with  an  occasional  thin, 

sandstone  layer 65  96f 
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Total 

Thick-  thick- 
No  ness.     ness. 

Feet.     Feet. 

3.  Blue,  shaly  sandstone  in  bed  of  creek  just  below  Cleve- 
land, Lorain  and  Wheeling  Railroad  trestle.  Also 
shown  on  bank  of  creek  farther  down  stream,  and 
about  opposite  where  the  creek  road  turns  east  to- 
ward Vigil.  At  this  locality  there  are  banks  of  soft, 
black  shale  below  it  which  are  20  feet  high.  It  is 
again  shown  in  the  gutter  on  the  road  toward  Vigil, 
at  the  same  level  as  on  the  creek  bank.  This  is  the 
thin  sandstone  stratum  which  in  this  general  region 
has  been  considered  as  marking  the  base  of  the 
Royalton  formation i  90| 

2.  Brecksville  shale.  Banks  of  soft,  argillaceous,  black 
shale,  frequently  from  10  to  15  feet  high  and  reach- 
ing 20  feet  in  the  upper  outcrops.  The  lowest  out- 
crops seen  are  above  the  second  east  and  west  road 
south  of  Westview 65  90 

1.  Covered  interval  to  highest  outcrop  of  Berea  grit  in 
quarry  one  mile  south  of  Westview.  This  indicates 
about  90  feet  for  the  thickness  of  the  Orangeville 
formation;  but  the  southerly  dip,  since  the  top  of 
the  formation  is  reached  3  miles  southeast  of  this 
quarry,  has  without  much  doubt  reduced  the 
amount,  and  the  true  thickness  of  the  formation  is 
probably  greater _  _  _  25  25 

In  the  above  section,  like  the  one  one-fourth  mile  east  of  Strongs- 
ville, the  Willow  Brook  section  and  the  one  in  the  southeastern  part  of 
Royalton  Township,  there  are  two  thin  blue  sandstones  below  the  low- 
est Spirophyton  sandstone  before  the  soft  black  Brecksville  shale  is 
reached.  In  the  Baker  Creek  section,  the  lower  part  of  the  Royalton 
formation  occurs  at  a  locality  about  If  miles  west  of  the  outcrops  of  the 
same  part  of  the  formation  in  the  section  one-fourth  mile  east  of  Strongs- 
ville.  From  the  base  of  the  lowest  Spirophyton  sandstone  down  to  the 
Brecksville  shale  on  the  Baker  Creek  section  is  18  feet  7  inches,  which 
is  certainly  in  close  agreement  with  the  18  feet  for  the  same  interval  in 
the  section  one-fourth  mile  east  of  Strongsville.  In  this  section  the 
Spirophyton  sandstones  are  separated  by  16  feet  1  inch  of  shales  and  in 
the  one  east  of  Strongsville  by  15  feet  of  shales. 

Specimens  from  the  upper  Spirophyton  sandstone  (No.  10  of  the 
above  section)  collected  in  the  creek  just  below  the  highway  and  elec- 
tric railroad  bridges  were  sent  to  David  White,  the  distinguished  paleo- 
botanist  of  the  U.  S.  Geological  Survey  [now  Chief  Geologist],  who 
wrote  as  follows  concerning  them,  on  December  19,  1911: 

"After  comparing  with  our  material  the  specimens  you  sent,  I  am 
disposed  to  regard  them  as  probably  belonging  to  the  form  described  by 
Hall  as  Spirophyton  velum.  The  fragments  are  all  very  incomplete; 
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yet  they  appear  to  compare  best  with  other  material  in  the  collections 
which  I  provisionally  refer  to  this  species." 

The  banks  of  West  Branch,  from  the  quarry  one  mile  south  of  West- 
view,  are  reported  as  alluvial  or  composed  of  sand  and  gravel  until  one- 
half  mile  above  Hardscrabble  (Marysville  on  the  Newberry  Geological 
Map)  in  the  northern  part  of  Liverpool  Township  in  Medina  county, 
where  blackish  shales  outcrop.  The  banks  of  most  of  the  streams 
entering  West  Branch  in  the  vicinity  of  Hardscrabble,  and  somewhat 
•  farther  north,  are  also  reported  as  composed  of  alluvial  and  drift  deposits. 

The  largest  stream,  however,  in  the  southeastern  part  of  Colum- 
bia Township,  which  enters  West  Branch  rather  more  than  a  mile  north 
of  Hardscrabble,  has  banks  of  soft,  argillaceous  Brecksville  shale.  At 
a  point  on  it  about  one-fourth  mile  north  of  the  Medina-Lorain  county 
line  there  are  banks  from  30  to  35  feet  high  with  no  indication  of  layers 
of  sandstone  in  them.  This  stream  did  not  furnish  continuous  outcrops, 
but  the  following  section  was  obtained  on  it : 

Section  on  Stream  in  Southeastern  Part  of  Columbia  Township. 

Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.    Feet. 

9.  Royalton  formation.  Thin,  blue  sandstone,  6  inches  thick, 
with  marks  of  trails  or  tube  fillings,  which  weathers 
to  a  rusty  color.  It  is  shown  on  the  bank  of  the  stream 
a  few  rods  below  the  road  running  westerly  from  the 
north  and  south  county  line  road.  A  little  farther 
down  the  stream,  and  below  the  farm-house,  in  appar- 
ently this  sandstone,  are  markings  more  like  stems, 
and  apparently  some  rather  imperfect  impressions  of 
Spirophyton \  87£ 

8.  On  the  upper  bank,  underlying  the  thin,  blue  sandstone 
are  shown  some  6  feet  of  mostly  bluish,  arenaceous  to 
argillaceous  shales 6  87 

7.  Partly  covered  interval,  but  mainly  bluish  shales,  with 
some  very  thin  layers  of  rusty  sandstone.  Near  base 
of  zone  a  layer  of  cone-in-cone  and  thin  rusty  sand- 
stones below 9  81 

6.  Upper  Spirophyton  sandstone,  which  is  first  shown  on  the 
northern  bank  of  the  run  where  it  is  dipping  up  stream. 
Upper  part  9  inches  or  more  in  thickness,  containing 
numerous  specimens  of  Spirophyton,  below  which  are 
several  inches  of  coarse  shales,  which  are  underlain  by 
several  inches  of  thin,  blocky  sandstones.  A  little 
farther  down  the  stream  and  on  the  opposite  bank  the 
entire  stratum  is  shown,  which  is  1  foot  6  inches 
thick,  composed  of  blocky  sandstone,  which  splits 
very  irregularly  and  contains  immense  numbers  of 
Spirophyton  impressions.  The  barometer  gave  the 
same  elevation  for  this  stratum  as  for  the  upper  Spir- 
ophyton sandstone  on  Baker  Creek,  below  the  electric 
line..  1*  72 
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Total 

Thick-  thick- 
No  ness.    ness. 

Feet.     Feet. 

5.  Mainly  covered  interval,  10  feet  thick  according  to  barom- 
eter    10  70| 

4.  Lower  Spirophyton  sandstone,  exposed  in  bed  of  run,  4 
inches  or  more  in  thickness,  containing  Spirophyton 
impressions  and  big  plant-like  stems  or  algae $+  60|  + 

3.  Bluish,  arenaceous  shales  are  exposed  5  feet  below  the 
lower  Spirophyton  sandstone,  but  for  some  distance 
above  and  below  the  north  and  south  highway,  near 
the  house  of  Richard  Putt,  the  rocks  are  mostly  cov- 
ered. This  interval  is  25  feet  thick  according  to  the 
barometer 25±  60i  + 

2.  Shaly,  blue  sandstone  to  very  arenaceous  shale  on  bank  of 
run  some  80^  rods  below  the  highway  and  house  of 
Richard  Putt,  which  is  3*=  inches  thick.  Below  this 
sandstone,  on  the  same  bank,  is  from  7  to  8  feet  of  black, 
soft,  argillaceous  shale,  which  is  considered  the  upper 
part  of  the  Brecksville i=*=  35£ 

1.  Brecksville  shale.  Soft,  black  to  bluish-black,  argilla- 
ceous shale  shown  down  the  stream  to  the  lowest  out- 
crops noted.  Apparently  there  are  one  or  two  rather 
thin  zones  of  bluish,  somewhat  arenaceous  shale  on  one 
of  the  banks  in  the  upper  part  of  this  member 35  35 

On  Baker  Creek,  2J  miles  to  the  northeast,  the  interval  from  the 
base  of  the  upper  Spirophyton  sandstone  down  to  the  top  of  the  Brecks- 
ville shale  is  35J  feet,  and  from  the  lower  Spirophyton  sandstone  to  the 
Brecksville  shale  18|  feet.  In  the  above  section  it  is  25  feet  baromet- 
rically lower  from  the  Spirophyton  stratum  to  the  top  of  the  Brecksville 
shale. 

Black  shales  are  shown  where  the  north  and  south  road  crosses 
both  branches  of  this  stream  as  the  road  is  followed  south  to  the  county 
line. 

To  the  south  of  Columbia  Township,  Lorain  County,  is  Liverpool 
Township,  Medina  County,  and  the  banks  of  the  streams  entering  West 
Branch  from  the  east  are  to  a  considerable  extent  composed  of  glacial 
deposits  which  donbeal  the  older  formations.  The  stream  crossing  the 
north  and  south  (State)  road  about  1J  miles  south  of  Beebetown,  how- 
ever, has  outcrops  of  the  Royalton  formation  along  its  banks  at  fre- 
quent intervals  from  a  little  below  the  highway  down  to  the  Cleveland, 
Lorain  and  Wheeling  Railroad. 

Section  on  Stream  in  Northeastern  Part  of  Liverpool  Township. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

8.  Royalton  formation.  Thin,  even-bedded,  buff  sandstone 
on  bank  of  creek  below  the  J.-  T.  Mayer  house.  The 
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Total 

Thick-  thick- 
No,  ness.     ness. 

Feet.     Feet. 

sandstone  is  fine-grained  and  the  layers  vary  from  about 

^  to  2  inches  in  thickness 10      150 

7.  Hard,  blue,  calcareous  layer,  with  sandstone  below,  which 
contains  specimens  of  Spirophyton  and  branching  tube 
fillings  or  stems.  The  texture  of  the  calcareous  layer 
is  something  like  that  of  the  Meadville  limestones.  It 
is  6  inches  thick;  the  Spirophyton  sandstone  5  inches 
thick  and  the  two  zones  separated  by  3±  inches  of  shale  1£  140  + 

6.  A  little  lower  than  the  above  zone  are  certain  rather  cal- 
careous layers,  which  contain  immense  numbers  of 
Bryozoa  and  some  Brachiopods,  as  Productus,  Cam- 
arotoBchia,  etc.  These  thin,  even-bedded,  buff  to  blue 
sandstones  continue  down  the  stream  to  the  lower  end 
of  the  woods.  They  contain  an  occasional  ferruginous, 
somewhat  calcareous  layer,  and  weather  to  a  rusty 
color.  Fossils  are  not  infrequent.  The  sandstones  al- 
ternate with  some  layers  of  shale 24  139 

5.     Covered  zone 10      115 

4.  Bluish,  arenaceous  shales,  with  thin  layers  of  sandstone 
and  calcareo-ferruginous,  lenticular,  concretionary 
layers.  Zone  partly  covered 15  105 

3.  Layer  of  blue  sandstone,  with  some  markings  like  plant- 
stems.  Below  this  layer  the  rocks  are  partly  covered 
down  to  the  Cleveland,  Lorain  and  Wheeling  Railroad 
bridge,  but  there  are  occasional  low  banks  of  shale  and 
bluish  sandstone,  together  with  some  calcareous  layers  25  90 

2.  Below  the  railroad  bridge,  down  to  the  east  and  west  high- 
way, no  outcrops  of  the  older  formations  were  seen, 
and  the  banks  are  mostly  glacial 65  65 

1.  So  far  as  examined,  no  outcrops  of  the  Waverly  rocks  were 
found  below  the  highway  bridge,  and  the  owners  of  the 
farms  along  this  stream  said  there  was  none. 


In  the  vicinity  of  Hardscrabble  (Marysville) ,  there  are  fairly  high 
banks  of  sand  and  gravel  on  the  West  Branch,  both  below  and  above 
the  highway  crossing  the  river  at  this  locality.  Farther  up  the  river 
toward  Liverpool,  black  shale  is  shown  along  the  stream  and  in  the  lower 
part  of  the  banks.  On  the  eastern  bank  of  West  Branch,  a  short  dis- 
tance below  the  Liverpool  bridge,  5  feet  or  more  of  black  shale  is  shown. 
There  are  also  numerous  loose  blocks  of  Spirophyton  sandstone  on  the 
bank  and  above  the  shale  alluvial  and  sandy  deposits. 

A  short  distance  above  the  Liverpool  iron  bridge  is  a  fairly  high 
rock  bank  on  the  eastern  side  of  the  river,  which  was  studied  by  both 
Mr.  Morse  and  the  writer. 
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Section  on  West  Branch  above  Liverpool  Bridge. 

Thickness.  Total 

Xo  thickness. 

Ft.         In.  Ft.  In. 

7.  Royalton  formation.  Bluish  to  blackish, 
argillaceous  to  arenaceous  shale  and  thin 
sandstones.  Zone  partly  covered 5  6  23| 

6.  Lower  Spirophyton  sandstone.  A  stratum 
of  hard,  blue  sandstone  with  Spirophy- 
ton impressions  and  plant-like  stems  on 
the  under  side __  7  17f 

5.  Blackish,  argillaceous  shale,  containing  one 
or  two  indeterminate,  calcareous,  sand- 
stone layers 10  _.  17| 

4.  Blue,  fine-grained,  calcareous  layer,  which 

weathers  brown __  1^  7£— 

3.     Bluish-black,  arenaceous  shales  3          6  7 

2.  Blue  sandstone  stratum  and  where  it  fails 
the  arenaceous  material  penetrates  the 
shales  both  above  and  below.  It  varies 
in  thickness  from  0  to  2  inches. _.  2  3£ 

1.  Blackish,  argillaceous  shale,  which  is  slight- 
ly arenaceous,  to  river  level 3  4  3| 

There  is  a  small  run  that  comes  down  from  the  poutheast  and  crosses 
the  east  and  west  highway  not  very  far  northeast  of  the  cliff  just  de- 
scribed. In  the  banks  of  this  run  on  the  southern  side  of  the  highway 
is  soft,  black  shale,  while  just  below  the  old  cheese  factory  and  above 
the  black  shale  is  a  layer  of  Spirophyton  sandstone  making  a  small  fall  in 
the  run.  This  is  the  same  stratum  that  was  described  as  zone  No.  6  of 
the  section  on  the  river  bank.  Above  the  lower  sandstone  on  the  run 
the  rocks  are  mostly  covered,  but  some  black  shale  is  shown  in  place 
and  numerous  loose  blocks  of  Spirophyton  sandstone.  Fifteen  feet  higher 
than  the  lower  stratum  of  sandstone  is  apparently  part  of  the  broken 
down  layer  of  upper  Spirophyton  sandstone.  Above  this  sandstone  is 
some  blue  clay  on  the  banks  of  the  run  and  numerous  fairly  large  loose 
blocks  of  Spirophyton  sandstone,  while  10  feet  higher  is  a  big  block  of 
Spirophyton  sandstone  which  is  probably  not  in  place.  Higher 
than  this  block  the  banks  of  the  run  as  far  as  followed  are  composed  of 
clay  and  sandy  drift.  These  loose  blocks  of  Spirophyton  sandstone, 
however,  appear  to  be  pretty  conclusive  evidence  that  there  is  another 
Spirophyton  sandstone  above  the  one  forming  the  fall  in  the  run,  which 
is  the  same  as  the  one  shown  on  the  bank  of  the  river.  This  fact,  in 
connection  with  other  stratigraphic  evidence,  seems  to  make  it  reasonably 
certain  that  stratum  No.  6  of  the  section  is  the  lower  Spirophyton  sand- 
stone. 

In  the  section  on  the  river  bank  just  above  the  Liverpool  bridge 
the  interval  from  the  lower  Spirophyton  sandstone  (No.  6)  down  to  the 
thin  blue  sandstone  stratum  is  13  feet  7J  inches.  On  Baker  Creek  the 
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interval  between  the  lower  Spirophyton  sandstone  and  the  first  subja- 
cent blue  sandstone  is  11  feet  10  inches,  while  the  thickness  of  the  inter- 
val from  the  base  of  the  lower  Spirophyton  sandstone  down  to  the  top 
of  the  Brecksville  shale  is  18  feet  10  inches.  Consequently  it  appears 
that  in  the  Liverpool  section  the  blue  sandstone  (No.  2)  represents  the 
upper  one  of  the  two  blue  sandstones  in  the  lower  part  of  the  Royalton 
formation  and  that  the  rocks  are  probably  not  exposed  deeply  enough 
to  show  the  lower  blue  sandstone  which  has  been  called  the  basal  zone 
of  the  Royalton  formation. 

About  three-fourths  of  a  mile  up  West  Branch  from  the  Liverpool 
cliff  the  river  is  spanned  by  another  iron  bridge  and  the  rocks  are  shown 
on  the  banks  both  above  and  below  it.  The  following  section  was  ob- 
tained by  Mr.  Morse  by  combining  the  outcrops  below  the  bridge  on 
both  banks  of  the  river: 


Section  on  West  Branch,  three-fourths  of  a  Mile  south  of  Liverpool 

Section. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Tt.  In. 

9.  Royalton  formation.  Bluish  to  blackish 
shales,  with  sandstone  partings;  from  8 
to  10  feet  shown 10  __  44£ 

8.  Spirophyton  sandstone,  the  upper  4  to  6 
inches  of  zone  a  massive,  hard,  blue  sand- 
stone, with  numerous  impressions  of 
Spirophyton.  The  lower  part  arenace- 
ous shale  to  shaly  sandstone.  Total 
t hickness  of  zone  from  20  to  26  inches.  _.  2  2  34£ 

7.  Bluish  to  blackish,  argillaceous  shale,  which 
is  about  15  feet  thick  on  the  eastern  bank, 
although  on  the  western  one  it  is  ap- 
parently about  20i  feet  thick 15  =*=  _ .  32 

6.  Stratum  of  blue,  fine-grained  sandstone 
which  shows  Spirophyton  impressions  on 
the  upper  surface  and  plant-like  stems 
on  its  lower  one __  5  17  + 

5.    Blackish,  argillaceous  shales 10         6  16| 

4.    Blue,  fine-grained,  calcareous  layer __          1^  6£  — 

3.    Blackish,  argillaceous  shale 37  6 

2.  Arenaceous  shale  to  sandstone,  perhaps  2 

inchesthick __  2±  2^ 

1.    Black  shale  to  river  level 23  2J 

As  already  stated,  the  above  section  is  a  combination  of  the  out- 
crops below  the  bridge  on  both  banks  of  the  river.  The  outcrops  on 
the  eastern  side  begin  just  below  the  bridge,  while  those  on  the  western 
side  are  farther  dowrn  the  river.  On  the  eastern  bank  the  rocks  are 
shown  from  the  top  of  the  section  down  to  the  5-inch  stratum  contain- 
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ing  plant-like  stems  and  Spirophyton  impressions,  with  an  interval  of 
about  15  feet  between  the  two  Spirophyton  strata.  On  the  western  bank 
the  same  interval  is  about  20J  feet. 

Cossett  Run  enters  West  Branch  a  few  rods  above  the  iron  bridge, 
which  has  been  mentioned  in  the  section  just  described.  A  short  dis- 
tance above  its  mouth  is  a  fall  over  a  Spirophyton  sandstone  stratum 
which  is  the  continuation  of  No.  8  of  the  previous  section.  The  upper 
part  of  the  stratum  is  a  rather  hard  blue  sandstone  which  weathers  to 
a  rusty  color,  and  is  a  mass  of  Spirophyton  impressions  with  a  thickness 
of  from  4  to  7  inches.  On  the  under  surface  of  this  sandstone  are  large 
numbers  of  raised  stem-like  markings  or  perhaps  fillings,  which  when 
broken  show  that  they  are  composed  of  grains  of  sand  like  the  rest  of  the 
sandstone.  Beneath  the  hard  sandstone  is  fairly  coarse,  arenaceous 
blue  shale,  which  in  places  is  a  sandstone,  and  weathers  to  a  rusty  color. 
This  shale  also  contains  numerous  Spirophyton  impressions  and  has  a 
thickness  of  from  20  to  25  inches.  Below  are  soft  blackish  shales  to 
the  level  of  West  Branch. 

Farther  up  Cossett  Run  and  from  8  to  15  feet  higher,  according  to 
the  barometer,  than  the  top  of  the  Spirophyton  sandstone  in  the  fall  is 
a  rapid  formed  by  a  Spirophyton  stratum,  the  upper  part  of  which  is 
shown  on  the  bank  of  the  stream  a  short  distance  farther  up.  The 
lower  part  of  the  stratum,  as  shown  in  the  rapid,  is  a  blue  hard  sand- 
stone, weathering  to  a  rusty  color  and  containing  large  numbers  of 
Spirophyton  impressions  which  are  beautifully  preserved,  and  there  are 
also  some  of  the  stems  or  fillings.  The  top  layer  of  the  upper  part  of  the 
stratum,  as  shown  on  the  bank  a  little  father  up  stream  than  the  rapid, 
is  a  very  hard,  blue  sandstone  which  weathers  to  a  very  rusty  color  and 
contains  immense  numbers  of  Spirophyton  impressions.  The  lower  portion 
of  this  bank  is  a  much  more  shaly,  blue  sandstone,  which  is  also  literally 
filled  with  Spirophyton  impressions.  The  dip  at  this  locality  appears  to 
be  down  stream  to  the  northwest  and  the  structure  of  the  stratum  is  much 
like  that  of  the  one  in  the  fall  near  the  mouth  of  the  run.  It  was  thought, 
however,  when  in  the  field  that  even  if  the  dip  is  in  that  direction  this 
stratum  is  stratigraphically  higher  than  the  one  in  the  fall.  If  this  be 
correct,  then  it  is  apparently  the  third  Spirophyton  sandstone,  number- 
ing from  the  lowest  one  upwards,  although  it  resembles  structurally 
rather  closely  the  second  one  on  Baker  Creek,  south  of  Vigil.  It  is  not 
easy  to  measure  the  thickness  of  this  upper  stratum  on  Cossett  Run, 
but  it  is  probably  not  more  than  3  or  4  feet  thick,  and  possibly  less. 
It  is  also  not  evident  that  there  is  much  dip  down  stream.  A  little  farther 
up  the  run  than  the  Spirophyton  bank,  and  on  the  northern  side,  is  ap- 
parently a  slight  uplift  with  a  strong  dip  to  the  south.  Blue  shales  are 
shown  overlying  the  Spirophyton  sandstone.  The  stream  was  followed 
for  some  distance  above  this  sandstone;  but  the  banks  are  composed  of 
blue  clay  and  alluvial  deposits. 
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About  If  miles  above  Cossett  Run,  and  about  one-half  mile  above 
the  Cleveland,  Lorain  and  Wheeling  Railroad  trestle,  is  a  cliff  on  the 
eastern  bank  of  West  Branch  15  to  20  feet  in  height.  This  bank  is 
-composed  of  blue  shale,  alternating  with  layers  of  thin  blue  sandstone, 
all  of  which  clearly  belongs  in  the  Royalton  formation.  Part  of  the 
sandstones  are  more  or  less  nodular,  calcareous  and  contain  iron,  so 
that  they  weather  to  a  dark  brown  or  rusty  color.  There  is  a  fairly 
strong  dip  which  is  up  stream  or  in  general  to  the  south. 

The  southern  bank  of  West  Branch  at  the  iron  bridge,  about  one- 
fourth  mile  south  of  Abbeyville,  shows  the  following  section  as  meas- 
ured by  Mr.  Morse,  which  is  all  in  the  Royalton  formation: 

Section  near  Abbeyville. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet,     Feet. 

3.  Fine-grained,  bluish  sandstone,  splitting  into  thin  layers 
which  alternate  with  bluish  shale.  Each  ohe  com- 
prises about  one-half  of  the  entire  thickness  of  the 

zone 9        19? 

2.    Massive,  fine-grained,  bluish  sandstone 2f      10| 

1.  Bluish,  arenaceous  shales  and  sandstones,  the  shales  pre- 
dominating    7|  7  | 

One-half  mile  farther  up  West  Branch,  and  about  3J  miles  north 
of  Medina,  under  the  State  road  bridge,  are  thin-bedded  sandstones, 
alternating  with  bluish  shales.  The  barometer  indicated  that  this  out- 
crop is  about  5  feet  higher  than  the  river  level  at  the  bridge  near 
Abbeyville. 

A  rather  calcareous,  blue  and  somewhat  fossiliferous  layer  is  exposed 
in  a  run  on  the  E.  F.  Letterley  farm,  to  the  east  of  the  State  road,  and 
about  1|  miles  north  of  Medina.  This  horizon  is  85  feet  higher,  ac- 
cording to  the  barometer,  than  the  one  on  West  Branch  under  the  State 
road  bridge.  It  resembles  closely  the  fossiliferous  horizon  under  the 
bridge  over  the  North  Branch  of  Rocky  River  at  Weymouth,  5  miles 
northeast  of  Medina.  Barometric  readings  were  taken  by  Mr.  Morse 
at  these  two  localities,  one  in  the  morning  and  the  other  in  the  afternoon 
of  the  same  day,  with  a  difference  of  only  10  feet. 

In  the  bed  of  Champion  Creek,  to  the  west  of  Court  Street,  Me- 
dina, commencing  near  the  Northern  Ohio  station,  are  outcrops  of 
grayish  somewhat  micaceous,  arenaceous  shales  to  thin  sandstones, 
with  a  little  bluish  shale.  Only  a  few  feet  of  rock  are  exposed  and  there 
are  no  cliffs.  Some  of  the  sandy  layers  contain  a  considerable  number 
of  specimens  of  Schizodus  medinaensis  Meek,  and  Grammysia  hanni- 
balensis  (Shumard)  Hall  (?). 

North  Branch. — At  Bagdad,  some  3|  miles  northeast  of  Medina,  is  a 
bank  on  the  southern  side  of  the  stream  some  30  feet  high.  The  lowest 
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outcrops  are  just  below  the  highway  bridge,  the  high  bank  is  above  it 
and  the  total  thickness  of  the  exposures  at  this  locality  is  about  35  feet. 
The  rocks,  especially  those  of  the  upper  part  of  the  bank,  are  largely 
bluish  to  bluish-gray,  thin-bedded  and  laminated  sandstones  from  2  to 
3  inches  thick.  In  the  lower  outcrops  the  sandstones,  as  a  rule,  are 
thinner  and  there  is  more  blue  shale;  but  the  sandstone  still  predomi- 
nates. One  impure  layer  of  limestone,  about  6  inches  thick,  was  noted. 
There  are  certain  rather  brownish-gray  sandstone  layers,  apparently 
slightly  calcareous  and  rather  thicker  than  most  of  them,  which  are 
fossiliferous.  These  layers  are  more  abundant  in  the  lower  part  of 
the  bank  and  the  others  contain  but  few  fossils.  One  of  the  some- 
what calcareous  layers  contains  specimens  of  Spirophyton  in  association 
with  others  of  Grammy sia.  Some  of  the  thin  sandstone  layers  are  rip- 
ple-marked. These  outcrops  belong  in  the  Royalton  formation. 

The  next  bank  on  following  up  North  Branch  is  on  the  opposite 
side  of  the  stream,  in  which  the  higher  sandstones  of  the  lower  bank 
occur,  and  are  rather  fossiliferous.  At  both  localities  are  large  numbers 
of  a  rather  slender,  branching  Bryozoan  and  Spirophyton,  together  with 
large  impressions  of  a  stem-like  form.  There  are  also  some  large,  rusty 
concretions  which  are  calcareous,  and  ripple-marks  in  some  of  the 
sandstones.  Farther  up  the  stream  are  low  banks  of  thin  sandstones 
capped  by  high  banks  of  till. 

Rather  more  than  1J  miles  above  the  Bagdad  bridge  is  the  lower 
one  at  Wey mouth  over  North  Branch.  Under  the  bridge  is  a  heavy 
layer  of  impure  limestone  some  14  inches  thick,  the  top  of  which,  ac- 
cording to  the  barometer  is  55  feet  higher  than  the  lowest  outcrop  at 
the  Bagdad  bridge.  Since  35  feet  of  rocks  are  shown  at  that  local- 
ity, it  indicates  that  the  impure  limestone  under  the  Weymouth  bridge 
is  nearly  20  feet  higher  than  the  top  of  the  cliff  above  the  Bagdad  bridge. 
The  following  section  was  measured  from  the  level  of  North  Branch  at 
the  Weymouth  bridge  to  the  top  of  the  hill  on  the  southern  side  of  the 
stream  and  about  opposite  the  Weymouth  church: 

Section  at  Weymouth. 

Total 

Thick-  thick- 
ness,    ness. 
No.  Feet.     Feet. 

9.  Sharon  conglomerate.  Near  the  top  of  the  hill,  to  the 
south  of  North  Branch,  is  a  small  opening  where  the 
conglomerate  has  been  quarried  to  a  slight  extent. 
Base  of  outcrop  ___  9£  110  + 

8.  Covered  interval.  Thickness  o,f  this  and  the  subjacent 

interval  determined  by  the  barometer '. .  45  lOOf 

7.  Top  of  thin-bedded,  rusty  sandstones,  as  shown  on  high- 
way south  of  the  stream 15  55| 

6.  Shales  and  thin  sandstones,  as  exposed  on  the  northern 
bank  of  the  stream  near  the  bridge.  Base  of  zone, 
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Total 

Thick-  thick- 
No,  ness.    ness. 

Feet.     Feet. 

according  to  the  barometer,  30  feet  higher  than  the  top 

of  the  impure  limestone  under  the  bridge 10        40| 

5.    Covered  interval  21±     30f 

4.     Blue  shales  and  thin-bedded  sandstones 3          9f 

3.  Blue,  fine-grained  sandstone    on  bank  above  bridge.     It 

contains  nodules  of  iron  ore,  so  that  some  of  the  rack 
is  rather  heavy.  Specimens  of  Productus  newberryi 
Hall  also  occur  in  this  stratum  . , 3£  6| 

2.  Bluish,  arenaceous  shales 2j        3^ 

1.  Impure  limestone,  which  is  somewhat  fossiliferous,  exposed 

under  the  bridge 1£        1| 

Another  section  was  measured  on  the  southern  bank  of  the  stream 
and  above  the  bridge  referred  to  in  the  previous  section,  or  between  the 
lower  and  upper  Weymouth  bridges. 

Upper  Section  at  Weymouth. 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.     Feet. 

4.  Blue  shales,  alternating  with  sandstones;  but  the  shales 

predominate  17        57i 

3.  Massive,  bluish-gray  sancfstqne 3        40J 

2.  Blue,  argillaceous  and  arenaceous  shales,  alternating  with 

blue  to  bluish-gray,  thin-bedded  sandstones.  There 
are  some  fossils;  but  they  are  not  as  common  as  in  the 

lower  fossiliferous  zone 35        37| 

1.  Massive,  blue,  fine-grained  sandstone  stratum.  This  zone 
rests  directly  on  No.  4  of  the  previous  section,  which 
is  composed  of  3  feet  of  blue  shales  and  thin  sandstones.  1\  2| 

The  above  sections  complete  the  account  of  the  stratigraphic 
geology  of  the  Rocky  River  district.  The  description  of  the  numerous 
sections  which  have  been  studied  to  the  westward  in  the  Black,  Ver- 
milion and  Huron  River  basins  is  deferred  for  consideration  in  another 
bulletin  with  other  sections  to  the  south  which  will  connect  the  upper 
Devonian  and  Mississippian  of  northern  Ohio  with  the  deposits  of  that 
age  in  central  Ohio. 


CHAPTER  VI 
CORRELATION 

Introduction* — A  somewhat  complete  discussion  of  the  correla- 
tion and  age  of  the  terranes  under  consideration  is  reserved  for  a  later 
bulletin  in  which  they  will  be  described  as  they  have  been  followed 
from  Rocky  River  Valley  west  and  southwest  to  central  Ohio.  It  is 
perhaps  advisable  for  the  convenience  of  those  particularly  interested 
in  this  subject  to  call  attention  to  some  of  the  facts  presented  in  this 
bulletin.  In  addition,  a  brief  statement  is  given  regarding  the  age  of 
the  older  deposits  continuing  westward  from  Rocky  River,  together  with 
some  of  the  evidence  from  various  sources  supporting  such  correlation. 

Cleveland  Shale  East  of  Cleveland. — The  black,  bituminous  shale 
called  Cleveland  decreases  in  thickness  as  it  is  followed  eastward  from 
the  Cleveland  region  and  apparently  disappears  in  Trumbull  and  Ash- 
tabula  counties.  Read  believed  that  the  lithologic  characters  of  the 
Cleveland  were  gradually  replaced  by  those  of  the  Chagrin  (Erie),  and 
mentioned  specifically  the  ravines  in  Trumbull  Township  in  the  western 
part  of  Ashtabula  County  where  the  change  could  be  seen.1  The  writer 
did  not  find  this  transition  in  lithologic  character  so  clearly  shown  as 
described  by  Read;  but  there  is  no  doubt  concerning  the  decreased 
thickness  of  the  black  shale  by  the  time  the  western  townships  of  Ashta- 
bula and  Trumbull  counties  are  reached  and  there  is  some  evidence  to 
the  westward  of  the  gradual  lithologic  change.  No  trace  of  the  Cleve- 
land shale  was  found  in  the  eastern  townships  of  these  two  counties  or 
in  the  adjacent  part  of  Pennsylvania. 

On  Doan  Brook,  near  the  Indian  Fort  in  Cleveland,  there  is  52  feet 
of  black,  bituminous  shale  which  is  referred  to  the  Cleveland,  only  it 
is  to  be  noted  that  in  the  lower  part  there  is  an  occasional  layer  of  light 
gray,  soft  argillaceous  shale.  On  Euclid  Creek,  which  is  the  first  ex- 
cellent section  east  of  Cleveland,  it  is  more  than  58  feet  thick.  On 
Sherman  Creek,  west  of  Wilson  Mill,  in  the  Chagrin  Valley,  the  hard, 
black,  bituminous  shale  has  decreased  to  30  feet,  below  which  are  soft 
blue  shales  and  thin  sandstones  with  the  lithologic  characters  of  the 
Chagrin.  About  27  feet  is  referred  to  the  Cleveland  in  Stebbins  Gulch, 
Chardon  Township,  in  the  northwestern  part  of  Geauga  County.  The 
contact  with  the  Bedford  formation  is  not  so  sharply  marked  since  part 
of  the  upper  5  feet  is  bluish-gray  shale;  but  there  is  a  sharp  line  of  con- 
tact with  the  Chagrin,  below  which  no  black  shale  was  seen.  On  the 

'Geol.  Surv.  Ohio,  Vol.  I,  p.  486. 
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Chardon-Concord  road,  to  the  south  of  Painesville,  there  is  35  feet  of 
Cleveland,  as  nearly  as  could  be  determined  from  the  outcrops  in  the 
gutters  and  highway  banks. 

On  Bates  Creek,  in  the  southeastern  part  of  LeRoy  Township, 
Lake  County,  rather  more  than  11  feet  is  referred  to  the  Cleveland 
shale,  the  greater  part  of  which  is  hard,  black  and  bituminous;  but 
near  the  center  is  a  thin  blue  sandstone  layer  and  bluish  argillaceous 
and  arenaceous  shales,  alternating  with -black  ones.  This  section  sup- 
ports the  view  that  the  black  shale  of  the  Cleveland  as  followed  east- 
ward is  gradually  replaced  by  rocks  with  the  lithologic  character  of  the 
Chagrin  and  Bedford  formations.  On  Phelps  Creek,  a  short  distance 
farther  east,  16  feet  was  referred  to  the  Cleveland,  with  an  8-inch  blue 
to  blackish  sandstone  5  inches  below  the  top,  while  the  remaining  15 
feet  is  "black  shale.  On  Trumbull  Creek  in  Trumbull  Township  in  the 
western  part  of  Ashtabula  County,  more  than  20  feet  is  referred  to  the 
Cleveland,  most  of  which  consists  of  black  shale;  but  there  are  impure 
layers  not  so  black  and  a  little  sandy.  The  upper  part  of  the  Chagrin 
formation  is  well  shown  in  this  glen  and  50  feet  below  its  top  is  a  fairly 
abundant  Chemung  fauna.  To  the  south  of  the  glen  just  mentioned 
is  Crooked  Creek,  on  which  is  about  18  feet  of  black  shale  referred  to  the 
Cleveland,  below  which  are  sandstones  referred  to  the  Chagrin  con- 
taining Spirifer  disjunctus  Sowb.  In  Warner  Hollow  at  Windsor  Mills 
is  nearly  18  feet  of  black  shale  referred  to  the  Cleveland,  immediately 
below  which  are  sandstones  containing  specimens  of  Spirifer  disjunctus 
Sowb.  and  other  Chemung  fossils.  On  Mill  Creek  in  the  southern  part 
of  Windsor  Township,  which  is  in  the  southwestern  corner  of  Ashta- 
bula County,  is  about  16  feet  of  black  shale  called  Cleveland,  below 
which  are  bluish  sandstones  of  the  upper  Chagrin.  The  above  locality 
is  the  last  one,  as  the  formations  were  followed  toward  Pennsylvania, 
where  the  Cleveland  shale  was  found.  The  shale  probably  extends  to 
the  east  of  the  Grand  River  Valley;  but  in  this  comparatively  level  and 
drift-covered  region  there  are  few  outcrops  of  the  Paleozoic  rocks.  It 
was  not  noted,  however,  in  the  various  sections  studied  in  the  more 
rugged  country  east  of  the  Pymatuning  Creek  on  either  side  of  the  Ohio- 
Pennsylvania  State  line. 

Chagrin  Formation.— It  has  been  stated  very  frequently  in  this  bulle- 
tin that  the  upper  part  of  the  Chagrin  formation  from  the  Cleveland  region 
eastward  contains  a  Chemung  fauna.  Some  of  the  localities  where  the 
largest  collections  were  made  are  Chippewa  Creek  on  the  western  side 
of  the  Cuyahoga  River,  and  Tinkers  and  Brandywine  creeks  on  the 
eastern  side  of  the  same  river;  on  Big  Creek  in  the  southern  part  of  Lake 
County;  on  the  highway  from  Madison  to  Thompson,  and  at  various 
places  in  Trumbull,  Cherry  Valley,  Dorset,  Richmond,  Pierpont  and 
Monroe  townships  in  Ashtabula  County.  .  It  has  also  been  shown  that 
in  these  eastern  townships  of  Ashtabula  County  and  in  western  Penn- 
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sylvania,  at  least  as  far  east  as  the  vicinity  of  Meadville,  after  the  dis- 
appearance of  the  Cleveland  shale,  Spirifer  disjunctus  -Sowb.  and 
a  few  other  species  associated  with  it  in  the  upper  Chagrin  continue 
until  near  the  base  of  the  Berea  or  Cussewago  sandstone.  This  east- 
ern relationship  of  the  Chagrin,  Cleveland,  Bedford  and  Berea  forma- 
tions may  perhaps  be  explained  by  overlap  as  is  urged  by  Dr.  Ulrich. 
If  this  be  the  explanation,  then  as  the  land  sunk,  the  Bedford  sediments 
overlapped  the  black  shales  of  the  Cleveland,  extending  farther  east- 
ward, and  finally,  the  coarse  sand  deposit  of  the  Berea  was  laid  down 
nearly  if  not  quite  on  top  of  the  Chagrin  formation.  According  to  another 
view  these  sediments  would  be  considered  as  in  part  of  synchronous  age, 
the  different  lithologic  character  due  to  greater  distance  from  land, 
varying  depth  of  water  and  other  physical  conditions  under  which  they 
were  deposited.  The  alternation  of  black  shale  with  blue  shales  and 
thin  sandstones  may  be  considered  as  evidence  of  such  conditions. 

The  Bedford-Berea  Disconformity.  —  Another  structural  char- 
acter to  be  considered  is  the  disconformity  between  the  Bedford  and 
Berea  formations  noted  at  so  many  localities  from  the  southwestern 
part  of  Ashtabula  County  to  the  vicinity  of  Cleveland  and  westward. 
Some  of  the  localities  described  most  fully  in  this  bulletin  are  Warner's 
Hollow  below  Windsor  Mills;  Phelps  and  Bates  Creeks  in  the  south- 
eastern part  of  LeRoy  Township ;  Griswold  Hollow  and  Big  Creek  north 
of  Chardon;  Stebbins  Gulch  in  the  western  part  of  Chardon  Township; 
on  the  Aurora  Branch  of  Chagrin  River  south  of  Chagrin  Falls;  in  the 
railroad  cut  south  of  Sagamore  Creek;  on  Chippewa  Creek,  and  on 
Skinner's  Run  in  Parma  Township  south  of  Cleveland.  Westward 
from  Cleveland  the  writer  has  studied  similar  examples  of  disconformity 
between  these  two  formations,  one  of  which,  near  South  Amherst,  has 
recently  been  described  by  Mr.  Burroughs.1  Excellent  examples  of 
disconformity  between  these  two  formations  also  occur  in  central  Ohio, 
which  have  been  shown  and  described  to  the  writer's  classes  in  geology 
for  the  last  seven  or  eight  years.  The  writer  presented  part  of  the 
evidence  showing  such  a  disconformity  in  northern  and  central  Ohio 
in  a  paper  entitled  the  " Contact  of  the  Bedford  and  Berea  Formations 
in  Ohio"  at  the  Ohio  Academy  of  Science  meeting  in  Columbus,  on 
December  1,  1911,  which  was  published  in  a  recent  number  of  the  Journal 
of  Geology.2  A  former  student — Prof.  Jesse  E.  Hyde — quoted  the 
writer  in  May,  1911,  as  stating  in  manuscript  that  in  northern  Ohio 
the  Bedford  and  Berea  "are  separated  by  an  erosion  plane."2 

Devono-Carbontferous  Line.  —  This  disconformity  between  the 
Bedford  and  Berea  formations  together  with  the  fact  that  Chemung 
fossils  in  northeastern  Ohio  and  northwestern  Pennsylvania  occur  nearly 

'Jour.  Geology,  Vol.  XIX,  Dec.,  1911,  pp.  655-659. 
'Ibid.,  Vol.  XX,  pp.  585-604. 
3Ibid.,  Vol.  XIX,  p.  257. 
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to  the  base  of  the  Berea  sandstone  is  regarded  by  the  writer  as  evidence 
in  favor  of  drawing  the  line  of  separation  between  the  Devonian  and 
Carboniferous  systems  at  this  horizon.  There  is,  however,  in  the  basal 
layers  of  the  Bedford  formation  a  fauna  which  has  been  collected  at 
various  localities  from  Euclid  Creek,  east  of  Cleveland,  to  Chance  Creek 
an  eastern  tributary  of  Vermilion  River  and  then  in  central  Ohio,  near 
Columbus.  Part  of  the  species  of  this  fauna  are  Devonian,  or  at  least 
very  closely  related  to  New  York  Devonian  species,  as  for  example, 
Schuchertella  chemungensis  (Con.)  Girty  and  Parallelodon  hamiltonice 
(Hall);  but  on  the  other  hand  there  are  others,  as  pointed  out  by  Dr. 
Stauffer,  which  appear  to  ally  it  with  Dr.  Weller's  Glen  Park  fauna  of 
the  Mississippian  in  the  Mississippi  basin.  A  probable  southerly  con- 
tinuation of  the  Ohio  Bedford  fauna  has  been  described  by  Dr.  Foerste 
in  the  east-central  part  of  Kentucky. l  The  writer  has  not  yet  reached 
a  positive  conclusion  concerning  the  age  of  this  fauna,  and  on  that  ac- 
count at  present  no  change  is  indicated  in  Dr.  Orton's  line  of  division 
between  the  Devonian  and  Carboniferous  systems,  although  present  evi- 
dence apparently  favors  drawing  it  at  the  contact  of  the  Bedford  and 
Berea  formations. 

Dr*  Orion's  Devono-Carboniferous  Line* — In  1880  Dr.  Orton  stated 
that  the  Cleveland  shale  was  not  the  northern  continuation  of  the  Waverly 
black  shale  (Sunbury)  as  Dr.  Newberry  had  thought,  and  concluded 
that  "it  is  to  be  hoped  that  the  great  black  shale  will  be  left  undivided 
in  the  Devonian  series."*  Dr.  Orton  again  called  attention  in  1881  to 
this  erroneous  correlation  of  the  Waverly  and  Cleveland  shales3  and 
wrote  as  follows  concerning  "the  lower  limit  of  the  Waverly  group. 

"I  submit  that  this  boundary  ought  to  remain  undisturbed  where  it 
has  been  fixed  by  unbroken  use  in  the  section  [southern]  of  the  state 
where  the  name  originated,  viz.,  at  the  base  of  the  Bedford  shale.  Any 
other  base  it  is  impracticable  to  establish. 

"Take  the  Cleveland  shale,  for  example.  This  stratum  makes  the 
summit  of  the  great  black  shale  as  shown  across  the  entire  breadth  of 
Ohio,  but  its  base,  no  man  knows.  Its  fossils  at  the  best  are  obscure 
and  rare.  Practically  we  cannot  afford  to  throw  away  a  firm  and  well 
maintained  stratigraphical  base  for  so  uncertain  and  indefinite  a  bound- 
ary as  the  base  of  the  Cleveland  shale  would  be."4  During  the  ensuing 
thirty  years  the  line  between  the  top  of  the  Cleveland  or  Ohio  shale  and 
the  base  of  the  Bedford  formation  has  been  the  accepted  line  of  separa- 
tion between  the  Devonian  and  Carboniferous  systems  for  all  the  pub- 
lications of  the  Geological  Survey  of  Ohio. 

Cleveland  Shale  West  of  Cleveland*  —  Westward  from  Cleveland 
black  shale  sediments  similar  to  those  of  the  Cleveland  in  its  typical 

'Ohio  Naturalist,  Vol.  IX,  1909,  pp.  515-522,  and  pi.  27. 

'Arm.  Kept.  Sec.  State  [Ohio]  for  1879,  1880,  p.  594;  also  see  p.  592. 

3Proc.  Am.  Assoc.  Adv.  ScL,  Vol.  XXX,  1882,  p.  170. 

4Ibid.,  p.  174. 
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region,  begin  earlier  in  deposits  corresponding  to  the  upper"  part  of  the 
Chagrin,  and  also  at  certain  localities  apparently  continue  later  into 
the  early  part  of  the  Bedford  formation.  The  encroachment  of  the 
black  shale  on  the  upper  Chagrin  has  been  described  on  Skinner's  Run 
south  of  Cleveland,  especially  in  the  cliffs  bordering  Lake  Erie  west  of 
Rocky  River  and  along  the  streams  entering  the  lake,  as  on  Rocky  River 
at  Kamms  and  other  places.  The  apparent  continuation  of  the  black 
shale  into  the  lower  part  of  the  Bedford  was  noted  particularly  in  Skin- 
ner's Run  near  the  Broadview  Road  and  on  the  East  Branch  of  Rocky 
River  below  Berea. 

Fossils  of  Cleveland  Shale* — As  is  well  known,  the  fossils  in  the 
Cleveland  shale  which  have  received  the  most  attention  are  the  fish,  a 
list  of  twenty-eight  species  appearing  in  Dr.  Newberry's  "Paleozoic 
Fishes  of  North  America,"  all  of  which  were  described  by  him.1  Unfor- 
tunately, most  of  these  species  are  confined  to  the  Cleveland  shale,  con- 
sequently their  evidence  is  not  as  decisive  concerning  the  question  of  cor- 
relation as  it  would  be  if  they  occurred  in  other  formations.  Dr.  New- 
berry's  principal  paleontologic  evidence  for  the  reference  of  the  Cleveland 
shale  to  the  Waverly  was  based  on  the  presence  of  three  genera  of  Elasmo- 
branchs,  viz.:  Hoplonchus,  Orodus  and  Polyrhizodus,  which  he  believed 
came  from  the  Cleveland  shale  at  Bedford.  He  wrote  as  follows  con- 
cerning this  point:  "These  three  genera  are  characteristic  of  the  Carbo- 
niferous system,  and  have  never  been  found  in  the  Devonian;  but  they 
will  hardly  be  accepted  as  decisive,  being  specifically  new."1 

Dr.  Kindle  has  recently  stated  that  other  collectors  as  Branson 
and  Hussakof  have  not  found  these  genera  in  the  Cleveland  shale  and 
his  opinion  is  as  follows : 

"In  view  of  this  kind  of  testimony  from  paleontologists  thoroughly 
familiar  with  the  fish  fauna  of  the  Cleveland  shale,  both  through  extended 
collecting  and  study  of  all  the  important  collections  made  by  others,  we 
seem  forced  to  conclude  that  the  Carboniferous  fishes  which  Newberry 
records  from  the  Cleveland  shale  came  probably  from  the  Sunbury  instead 
of  the  Cleveland."3  It  appears  fairly  certain,  however,  that  Dr.  New- 
berry  did  collect  specimens  of  Polyrhizodus  modestus  Newb.  and  Orodus 
elegantulus  Newb.  and  Wor.  from  the  Cleveland  shale  at  Bedford.* 

Dr.  Branson  has  since  found  one  of  the  species  listed  by  Dr.  New- 
berry  in  the  Cleveland  shale,  viz.:  Dinichthys  inter medius  Newb.,  in 
the  Huron  shale  near  Huron.5 

Dr.   Newberry  listed  three  species  of  Brachiopods  as    identified 

iMon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  130. 

'Ibid.,  p.  128. 

»Am.  Jour.  Sci.,  4th  series,  Vol.  XXXIII,  p.  133. 

4See  discussion  of  this  point  under  the  consideration  of  the  Cleveland  shale  at 
Newburg  Falls  in  this  bulletin,  pp.  20,  21,  and  Professor  Cushing's  article  (Am.  Jour. 
Sci.,  4th  ser.,  Vol.  XXXIII,  June  1912,  pp.  581,  582). 

Science,  N.  S.,  Vol.  XXVIII,  July  17,  1908,  p.  94;  and  Univ.  Missouri  Bull., 
Science  ser.,  Vol.  II,  No.  2,  October,  1911,  p.  25. 

34— G.  B.  15. 
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by  Prof.  R.  "P.  Whitefield,  from  the  Cleveland  shale  of  northeastern 
Ohio.  These  were  Lingula  cuyahoga  Hall,  L.  melie  Hall  and 
Discina  (Orbiculoidea)  newberryi  Hall.1  Professor  Schuchert  in  his 
"Synopsis  of  American  Fossil  Brachiopoda"  gives  the  range  and  dis- 
tribution of  these  species  as  follows:  Lingula  cuyahoga  Hall  Waverly 
of  Akron  and  Cuyahoga  Falls,  Ohio,  and  Chemung  group,  Panama,  New. 
York;  L.  melie  Hall  Waverly  of  Chagrin  Falls,  and  Berea,  Ohio,  and  Or- 
biculoidea newberryi  Hall  Waverly  of  Cuyahoga  Falls,  Akron,  and  Far- 
mington,  Ohio,  and  Eureka  district,  Nevada.2  The  accuracy  of  identi- 
fication of  at  least  the  last  species  of  this  list  may  be  questioned  since 
Hall  and  Clarke  have  named  the  form  found  in  the  Sunbury  shale, 
which  is  between  the  Cleveland  shale  and  the  horizon  where  the  type 
specimens  of  Orbiculoidea  newberryi  Hall  were  found,  0.  herzeri.  They 
stated  that  "this  species  has  come  to  us  from  various  quarters  labeled 
'Discina  Newberryi,  Hall'.  With  the  latter,  however,  it  does  not 
agree."3 

The  most  abundant  fossils  are  Conodonts,  some  of  which  from  the 
Cleveland  shale  at  Bedford  were  illustrated  by  Dr.  Newberry  in  1875. 4 
Later  Dr.  Hinde  found  that  three  of  the  Cleveland  shale  species  of 
Conodonts,  viz.,  Prionides  angulatus  Hinde,  P.  err  aliens  Hinde  and 
Polignalhus  dubius  Hinde  occur  in  the  Hamilton  formation  and  Genesee 
shale  of  New  York.5  Dr.  Kindle  writes  that  "so  far  as  the  literature 
shows  conodonts  have  heretofore  been  unknown  in  the  Ohio  shale 
below  the  Cleveland  member.  During  the  last  field  season,  however, 
Mr.  P.  V.  Roundy  and  myself  found  that  these  fossils  are  quite  as  abun- 
dant in  the  Huron  division  of  the  Ohio  as  they  are  in  the  Cleveland  shale. 
I  have  found  the  conodont  fauna  in  all  the  sections  of  the  Huron  shale 
which  I  have  studied  in  Ohio."6  His  conclusion  is  that  "the  conodonts, 
so  far  as  their  evidence  is  recorded,  indicate  a  Devonian  age  for  the 
Cleveland  shale."7 

Huron  Shale. — In  1870,  Dr.  Newberry  gave  the  name  Huron  shale 
to  "the  great  mass  of  black,  bituminous  shale,  designated  by  the  former 
Geological  Board  as  the  'Black  Slate'."  He  further  stated  that  "its 
outcrop  forms  a  belt  from  ten  to  twenty  miles  in  width,  reaching  from 
the  Lake  shore  at  the  mouth  of  the  Huron  River,  almost  directly  south 
to  the  mouth  of  the  Scioto."8  Later  Dr.  Newberry  gave  more  fully  his 
reasons  for  the  selection  of  this  name,  together  with  his  opinion  con- 
cerning its  correlation  with  the  formations  of  neighboring  states.  He 


'Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  p.  128. 
'Bull.  U.  S.  Geol.  Survey,  No.  87,  1897,  pp.  246,  250,  261. 
«Pal.  N.  Y.,  Vol.  VIII,  pt.  1,  1892,  p.  126,  f.  n.J 
4Geol.  Surv.  Ohio,  Vol.  II,  pt.  2,  pi.  57,  and  also  see  p.  41. 
6Kindle,  in  Am.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  Feb.  1912,  p.  134. 
Hinde,  in  Quart.  Jour.  Geol.  Soc.,  London,  Vol.  35,  1879,  pp.  351-368. 
"Letter  of  March  1,  li)12. 
7Am.  Jour.  Sci.,  4th  ser.,  Vol.  XXXIII,  p.  135. 
Geol.  Surv.  Ohio,  Kept.  Prog.,  1869,  1870,  p.  18. 
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wrote  as  follows:  "As  we  go  westward  and  recede  from  the  old  shore 
the  sheet  of  land-wash  becomes  thinner,  the  sandstones  and  clay  shales 
of  New  York  disappear,  while  the  bituminous  shales  are  more  constant, 
running  together  and  forming  a  mass,  which  in  Ohio  and  further  south 
is  a  very  striking  feature  in  the  geology.  I  have  called  this  in  Ohio  the 
the  Huron  shale,  because  it  forms  for  a  long  distance  the  banks  of  the 
Huron  River,  and  as  it  represents  several  distinct  strata  in  New  York 
and  Pennsylvania,  it  could  not  with  propriety  take  the  name  of  either 
of  them.  By  other  geologists  it  has  received  various  names,  and  has 
been  regarded  as  the  equivalent  of  each  of  several  strata,  distinct  and 
somewhat  widely  separated  in  the  east.  The  first  geological  corps  of 
Ohio  called  it  simply  the  black  shale;  Prof.  E.  B.  Andrews,  the  Ohio 
black  shale;  Prof.  Edward  Orton,  the  Ohio  shale;  Prof.  E.  T.  Cox,  State 
Geologist  of  Indiana,  the  New  Albany  black  shale,  etc.,  and  it  has  been 
regarded  as  the  equivalent  of  the  Marcellus,  and  sometimes  of  the  Gen- 
esee  of  New  York.  In  fact  it  is  neither,  but  rather  both,  and  it  also 
includes  the  western  extension  of  the  Portage  and  Hamilton  shales. 
This  is  shown  by  the  fact  that  in  different  localities  it  has  yielded  fossils- 
of  all  these  horizons,  viz. :  Clymenia  complanata,  Rhynchonella  limitaris 
[Liorhynchus  limitare],  Styliola  [Styliolina]  fissurella,  Discina  lodensis 
[Orbiculoidea  lodiensis],  Lingula  spatulata,  etc."1  Later  in  the  same 
monograph  Dr.  Newberry  stated  that: 

"The  Cleveland  shale,  through  northern  Ohio,  is  a  black  carbon- 
aceous mass,  twenty  to  sixty  feet  in  thickness.  It  there  rests  upon  the 
argillaceous  Erie  [Chagrin]  shale,  which  at  Cleveland  is  several  hundred 
feet  in  thickness,  but  which  thins  out  toward  the  west;  in  Lorain  and 
Huron  Counties  it  is  sometimes  wanting,  letting  the  Cleveland  shale 
down  near  to  or  upon  the  Huron  shale,  from  which  it  can  scarcely  be 
distinguished  by  its  lithologic  characters."2 

Chagrin  in  general  Synchronous  with  Huron.  —  Ag  the  outcrops 
of  the  Cleveland,  Chagrin  and  Huron  shales  have  been  studied  from 
Cleveland,  westward  to  the  Huron  River,  it  seemed  to  the  writer  that 
the  black  shales  gradually  replaced  a  large  part  of  the  bluish  or  gray  shales 
and  sandstones  of  the  Chagrin  formation.  It  appears  in  a  general  way 
similar  to  the  well  known  change  from  the  sediments  of  the  Sherburne, 
Ithaca,  Oneonta  and  Catskill  formations  of  eastern  New  York  to  those 
of  the  Portage  and  Chemung  formations  of  the  Genesee  Valley  section. 
The  lithologic  characters  of  these  two  sets  of  New  York  formations  are 
very  different,  and  although  for  many  years  a  source  of  difficulty  and  con- 
tention among  the  New  York  geologists,  it  has  now  been  clearly  demon- 
strated that  the  two  sets  represent  the  same  general  period  of  time.  In 
other  words,  it  appears  to  the  writer  that  the  shales  shown  on  the  Huron 
River  represent  in  a  general  way  the  Chagrin  formation  of  the  Cleve- 

iMon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  pp.  57,  58. 
'Ibid.,  p.  123. 
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land  region.  Also  as  the  Cleveland  and  Chagrin  formations  are  fol- 
lowed westward  from  Cleveland  it  becomes  difficult  to  draw  a  sharp 
line  of  separation  between  them  and  likewise  on  the  Vermilion  and 
Huron  rivers  to  sharply  separate  the  Cleveland  and  Huron  shales. 

Sections  on  Huron  River* — A  study  of  the  outcrops  on  the  Huron 
River  will  readily  show  that  the  shale  is  not  all  black.  Three  local 
sections  selected  from  several  that  were  carefully  measured  will  show 
the  correctness  of  the  above  statement.  The  first  one  is  on  the  eastern 
bank  of  Huron  River  just  above  the  Milan  Street  bridge  in  Monroe- 
ville. 

Section  at  Monroeville 

Total 

Thick-  thick- 
ness,   ness. 
No.  Feet.    Feet. 

4.  Solid,  black  shale,  which  separates  from  the  bank  in  large 

blocks;  10  to  12  feet  is  shown.     Calamites    occurs  near 

base  of   this    zone 10+   17^4- 

3.  Alternating  blue,  olive  and  black  shales 2|        7£ 

2.  Black  shale  with  a  7-inch  band  of  olive  near  the  middle  of 

the  zone 1\        4f 

1.  Zone  composed  of  blue  and  olive  shale  predominating; 

but  also  containing  layers  of  black  shale  a  few  inches 

thick 2J        2£ 

River  level. 

The  first  bank  on  the  western  side  of  Huron  River,  below  the 
mouth  of  Seymore  Creek  and  on  the  Louis  Meyers's  farm  about  four 
miles  north  of  Monroeville,  furnished  the  following  section: 

Section  of  Western  Bank  of  Huron  River  on  Meyers's  Farm. 

Thickness.  Total 

No.  thickness. 

Ft.         In.  Ft.  In. 

8.  All  black  shale 18=*=  __  60  6 

7.  Gray  and  blue  or  olive  shale,  alternating 

with  some  that  is  black;  but  the  gray  to 

blue    predominates.     Some    lenticular 

concretions 32  8  42  6 

6.  Black  shale  containing  concretions  1  9  9  10 

5.  Three  zones  each  of  black  and  bluish-gray 

shale  15  81 

4.  Bluish-gray   shale     with   two   thin,    black 

bands,  a  fraction  of  an  inch  thick 38  68 

3.  Black  shale  2  3 

2.  Bluish-gray  shale 1±     __  1 

1.    River  level,  showing  black  shale  and  tops  of 

large  globular  concretions. 

A  steep  cliff  forms  the  western  bank  of  the  Huron  River  at  the 
former  hamlet  of  Enterprise  below  the  P.  J.  Schaffer  bridge.  The  bank 
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is  difficult  to  climb  but  the  following  section  was  measured  just  below 
the  Wm.  H.  Newton  house  by  Mr.  T.  G.  Roderick: 

Section  of  Western  Bank  of  Huron  River  at  Enterprise. 

Thickness.  Total 

No  thickness. 

Ft.         In.  Ft.  In. 

21.  Black,  hard,  bituminous,  fissile  shale  which 
projects  beyond  the  lower  shales  as  ex- 
posed to  the  north  of  the  middle  of  this 
bank.  Thickness  estimated  as  from  5  to 

6  feet 5+     _.  60±     _. 

20.  Mainly  blue  argillaceous  shale;  but  with 
some  layers  of  black  shale  from  1  to  3 
inches  thick.  On  the  high  bank  on  the 
opposite  side  of  the  river,  above  the 
Schaffer  bridge,  disc-shaped  concre- 
tions occur  at  about  the  top  of  this  zone.  32  6  54  9 

19.     Black  shale  3          4  22          3 

18.     Blue  shale -        11|          18        11 

17.     Black  shale ._        10  17        ll£ 

16.     Blue  shale 22  17          H 

15.     Black  shale  __          H          14        11| 

14.     Blueshale __          6  14        10 

13.     Black  shale  1  14          4 

12.     Blueshale 4  14          3 

11.     Black,  hard,  bituminous,  slaty,  fissile  shale      23  13        11 

10.     Blue  shale  containing  irregular  more  or  less 

disc-shaped  concretions. __: 1  11          8 

9.     Black  shale  ._          7  10          8 

8.    Blueshale 7  10          1 

7.     Black  shale  ..     .     4  9          6 

6.-    Blueshale --31  92 

5.  Black,  bituminous,  hard,  slaty,  fissile  shale 
containing  some  large  spherical  concre- 
tions. There  are  two  small  ones  at 

almost  the  top  of  this  zone 7        10^  8        10^ 

4.     Blue,  rather  argillaceous  shale __          8  1 

3.     Black  shale 2  4 

2.     Blue  shale  a  little  farther  up  stream  than 

the  concretions __          2+         __          2 

1.  River  level  with  rather  irregular  concre- 
tions in  blue  shale. 

The  Enterprise  section  is  farther  down  the  river  than  the  one  on 
the  Meyers's  farm,  below  the  mouth  of  Seymour  Creek,  and  nearly  one 
mile  to  the  northeast.  Zone  No.  21  of  the  Enterprise  section  repre- 
sents the  lower  part  of  zone  No.  8  of  the  one  on  the  Meyers's  farm,  the 
continuation  of  which  up  stream  is  shown  in  zone  No.  4  of  the  Mon- 
roeville  section.  Again  zone  No.  20  of  the  Enterprise  section  with  a  thick- 
ness of  32|  feet  corresponds  to  zone  No.  7  of  the  one  on  the  Meyers's  farm 
which  is  32  J  feet  thick.  All  three  of  these  sections  are  from  outcrops 
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within  the  region  of  the  typical  Huron  shale  of  Dr.  Newberry,  since  he 
stated  that  "This  [Huron]  is  the  shale  which  forms  the  banks  of  the 
Huron  river  at  Monroeville  and  below."1 

Dr.  Kindle's  Huron-Chagrin  Correlation* — Dr.  Edward  M.  Kindle, 
of  the  Canadian  Geological  Survey,  studied  these  shales  in  Ohio 
during  the  summer  of  1911,  and  reached  a  conclusion  similar  to  that 
stated  above.  He  has  written  as  follows:  "I  came  to  the  conclusion 
last  summer  after  examining  practically  all  of  the  exposures  of  the  Ohio 
shale  along  the  different  branches  of  the  Huron  River,  that  the  Chagrin 
could  not  be  deliminated  in  that  section  as  a  distinct  formation.  My 
view  is  that  the  Chagrin  in  the  15  or  20  miles  east  of  the  Huron  changes 
so  rapidly  from  a  sandy  gray  shale  to  a  finer-grained  darker  formation 
that  it  becomes  impossible  to  treat  or  recognize  it  as  a  distinct  forma- 
tion in  the  Huron  section,  although  its  epoch  of  sedimentation  is  doubtless 
as  fully  represented  there  as  in  the  Cleveland  section.  It  appears  to  me 
to  be  a  case  somewhat  similar  to  that  of  the  east-west  Hamilton  section 
in  middle  Pennsylvania.  The  first  Hamilton  section  west  of  Harrisburg 
shows  nearly  800  feet  of  coarse  sandstones  with  typical  Hamilton  shale 
and  fossils  above  and  below,  the  whole  having  a  thickness  of  about 
1,000  feet.  Eighty  miles  to  the  westward  at  Altoona  the  Hamilton 
formation  is  500  feet  thick,  composed  of  dark -gray  shales,  without  a 
trace  of  sandstone  in  it."2 

Dr.  Orion's  Huron-Erie  Correlation.  —  These  conclusions  are  es- 
sentially in  harmony  with  the  results  obtained  by  Dr.  Orton  and  so 
described  by  him  in  1888,  when  he  wrote  as  follows:  "It  comprises  all 
of  the  elements  of  the  northern  section.  In  other  words,  the  so-called 
Huron  shale  of  central  Ohio  is  the  Cleveland,  Erie,  Huron  shale  of  north- 
ern Ohio.  It  is  not  a  homogeneous  mass  of  black  shale,  as  it  is  common- 
ly counted,  but  beds  of  blue  or  greenish-blue  shale  are  frequently  inter- 
stratified  with  the  prevailing  black  beds,  especially  in  the  middle  portion 
of  the  series.  The  top  and  bottom  of  the  column  are  generally  black 
shale,  and  the  same  thing  is  true  in  northern  Ohio.  These  facts  show 
the  grounds  on  which  the  classification  now  referred  to  is  based,  but  the 
objection  to  it  is  that  no  line  of  division  can  be  drawn  between  the  Huron 
and  Erie  or  the  Erie  and  Cleveland  shales.  The  records  of  many  drilled 
wells  in  northern  Ohio  show  that  alternations  of  black  and  blue  shale 
recur  not  once  only,  but  many  times,  in  the  formation.  This  alternation 
was  recognized  by  Newberry  as  far  back  as  1872.  He  said  at  that  time 
that  the  Huron  shale  in  'its  northerly  outcrops  is  somewhat  interstrat- 
ified  with  the  overlying  Erie  shale'  (Geology  of  Ohio,  Vol.  I,  p.  153). 
In  other  words,  there  is  no  line  of  division  between  the  so-called  forma- 
tions. Since  that  time  the  facts  bearing  on  the  question  have  been 
greatly  multiplied,  and  it  is  now  apparent  to  all  who  keep  acquainted 

>Geol.  Surv.,  Ohio,  Vol.  II,  p.  189. 
2Letter  of  March  1,  1912. 
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with  them,  that  the  truth  of  geology  demands  the  abandonment  of  the 
proposed  three-fold  division  of  the  shale  series.  The  Huron  and  Erie 
divisions  are  especially  misleading,  and  therefore  objectionable.  These 
two  terms,  as  they  are  used,  cover  different  phases  of  the  same  forma- 
tion."1 The  writer  desires  to  call  particular  attention  to  Dr.  Orton's  con- 
cluding statement  that  the  Huron  and  Erie  (Chagrin)  divisions  "cover 
different  phases  of  the  same  formation,"  which  is  essentially  the  opinion 
reached  by  him  and  also  apparently  by  Dr.  Kindle  as  the  result  of  sep- 
arate individual  investigation  in  all  three  instances. 

Professor  Branson's  Description  of  the  Ohio  Shale. — Dr.  E.  B. 
Branson  was  professor  of  geology  at  Oberlin  College  for  several  years, 
and  while  there  devoted  considerable  time  to  the  study  of  the  Ohio  shale 
and  its  fauna.  He  wrote  as  follows: 

"The  Ohio  shales  in  the  vicinity  of  Oberlin,  Ohio,  are  about  610 
feet  thick  and  quite  uniform  in  color  and  texture  from  top  to  bottom. 
Within  the  area  discussed  in  this  paper,  which  extends  from  east  of 
Elyria  to  west  of  Norwalk,  the  shales  are  brown  to  black,  with  occasional 
greenish  layers,  and  in  a  few  places  one  or  two  layers  of  fine-grained 
sandstones  one  to  six  inches  in  thickness  are  present 

"Conditions  of  sedimentation  were  almost  uniform  while  the  Ohio 
shales  were  being  deposited  west  of  Norwalk,  but  east  of  this  place  the 
Chagrin  enters  as  a  wedge  with  the  thin  edge  to  the  west.  Its  calca- 
reous and  arenaceous  nature  indicates  shore  conditions  to  the  east."1 
Under  the  heading  of  "Conclusions"  is  the  statement  that  "west  of 
Elyria,  Ohio,  the  Ohio  shales  do  not  show  distinct  three-fold  division."' 

Fossil  Fish  and  Wood  of  Huron  Shale. — The  Huron  shales  are  not 
very  fossiliferous,  but  such  fossils  as  they  contain  support  the  strati- 
graphic  evidence  in  favor  of  referring  them  to  the  Devonian.  Perhaps 
as  important  as  any  are  the  fragments  of  fish — Dinichthys  hertzeri 
Newb.  [herzeri] — contained  in  some  of  the  large  concretions  which 
occur  in  this  shale.  Other  concretions  contain  fragments  of  fossil 
wood — Dadoxylon  newberryi  Dn.  Specimens  of  both  the  Dinich- 
thys and  Dadoxylon  were  collected  by  the  Rev.  Mr.  Herzer  from  these 
concretions  in  the  lower  part  of  the  Ohio  shale  in  the  vicinity  of  Dela- 
ware. There  has  been  some  question  concerning  the  horizon  from  which 
the  specimens  of  Dadoxylon  described  by  Dr.  Dawson  came;  although 
Dr.  Newberry  had  stated  that  "in  examining  some  of  these  septaria 
[apparently  near  the  base  of  the  black  shale  at  Delaware]  which  had 
been  split,  apparently  by  the  frost,  Mr.  Hertzer  discovered  that  they 
not  unfrequently  contained  masses  of  silicified  wood  (Dadoxylon  New- 
berryi, Dawson)  or  fragments  of  bones  that  had  served  as  nuclei  around 
which  they  had  formed."4 

iGeol.  Surv.  Ohio,  Vol.  VI,  p.  25.  Also  see  ibid.,  Vol.  VII,  1893,  p.  22,  on  which 
a  somewhat  condensed  form  of  this  same  account  appears. 

*Univ.  Missouri  Bull.,  Science  ser.,  Vol.  II,  No.  2;  Oct.  1911,  pp.  23,  24, 

*Ibid.,  p.  28. 

4Geol.  Surv.  Ohio,  Vol.  I,  pt.  2,  Palaeontology,  1873,  p.  320. 
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Dr.  Newberry  in  his  monograph  of  "The  Paleozoic  Fishes  of  North 
America"  also  stated  that  "of  Dinichthys  Hertzeri  [herzeri],  from  the 
Huron  shale,  we  have  no  more  new  material.  The  Rev.  H.  Hertzer 
[Herzer],  who  first  discovered  the  species  at  Delaware,  Ohio,  and  who 
cultivated  that  field  with  so  much  enthusiasm  and  success,  changed 
his  residence,  and  the  exposures  of  Huron  shale  in  central  Ohio  have  been 
of  late  neglected.  *  *  *  * 

"I  have  seen  in  some  of  the  concretions  broken  open  by  Mr.  Hertzer 
at  Delaware  traces  of  a  plate  nearly  two  feet  in  diameter,  etc."1 

Aspidichthys  clavatus  was  described  by  Dr.  Newberry  from  the 
Huron  shale  at  Delaware,  Ohio,2  and  Onychodus  ortoni  from  the  Huron 
shale  of  Perry  Township,  Franklin  County,  Ohio.3  In  addition,  Dr. 
Eastman  lists  Xenodus  herzeri  (Newb.)  from  the  Huron  shale  of  Ohio.5 
From  the  sandstones  of  the  upper  Portage,  near  Varysburg  in  Wyoming 
County,  western  New  York,  Prof.  H.  S.  Williams  collected  a  specimen 
which  he  referred  "provisionally  to  Aspidichthys  clavatus  Newberry."5 

A  recent  letter  from  Mr.  Herzer  states  that  the  specimens  of  fossil 
wood  were  collected  by  him  from  septaria,  in  the  black  shale  near  Del- 
aware, and  to  the  southward,  before  the  Geological  Survey  was  organ- 
ized. "Newberry  found  them  in  my  yard  and  he  sent  them  to  Mr. 
Dawson  who  named  them  Dado xy Ion  Newberry i."6  In  a  later  letter  Mr. 
Herzer  wrote  that  "a  large  portion  of  a  trunk  I  saw  at  the  first  bend  of 
the  river  just  below  Delaware  with  many  attached  Lingula.  All  the 
nicely  silicified  Dadoxylon  I  found  in  neglected  fields,  some  in  septaria. 
Most  of  them  as  thick  as  a  man's  body  and  most  of  them  from  between 
Delaware  and  Columbus."7 

Specimens  of  fossil  wood  from  the  Geological  Museum  of  Ohio  State 
University,  some  of  which,  according  to  Dr.  Orton,  were  from  the  Ohio 
shale  of  central  Ohio  near  Columbus  and  Dublin,  and  others  from  the 
drift  were  sent  Mr.  David  White,  who  has  written  as  follows  concern- 
ing them:  "Thin  sections  have  already  been  cut  from  the  woods;  a 
few  of  the  latter  are  too  far  decayed  or  too  much  compressed  to  be  iden- 
tified. A  cursory  glance  at  the  others  shows  that  they  represent  the 
Dadoxylon  newberryi  type,  that  is,  that  they  belong  to  the  genus  Cal- 
lixylon,  which,  so  far  as  I  am  able  to  learn,  is  characteristic  of  the  De- 
vonian. 

"Whether  the  material  referred  to  newberryi  should  be  differentiated 
into  more  than  one  species,  and  whether  such  divisions  of  the  group  will, 
if  established,  be  found  characteristic  of  different  stages  of  Devonian, 

'Mon.  U.  S.  Geol.  Survey,  Vol.  XVI,  1889,  p.  64. 

'Geol.  Surv.  Ohio,  Vol.  1,  pt.  2,    Palaeontology,  p.  324.     Also  see  Mon.  U.  S. 
Geol.  Survey,  Vol.  XVI,  p.  73. 

aMon.  U.  S.  Geol.  Survey,  Vol.  XVI,  p.  72. 
4N.  Y.  State  Mus.,  Mem^.  10,  1907,  p.  18. 
BBull.  U.  S.  Geol.  Survey,  No.  41,  1887,  p.  43. 
"Letter  of  March  13,  1912. 
'Letter  of  April  9,  1912. 
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can  only  be  determined  by  very  careful  study  of  the  materials,  which 
I  am  not  at  present  able,  for  lack  of  time,  to  carry  on."1 

Dr.  Eastman  on  Fossil  Fish  of  Ohio  Shale* — It  has  been  stated  that 
the  fossil  fish  of  the  Ohio  shale  are  called  Devonian  because  the  shale 
has  been  referred  to  that  system.  In  order  to  settle  this  point  Dr. 
Charles  R.  Eastman,  the  well-known  authority  on  Paleozoic  fishes, 
was  asked  for  his  opinion.  Dr.  Eastman  has  written  as  follows: 

"Your  letter  of  the  22d  inst.  has  been  duly  received,  and  in  reply 
would  say  that  in  regard  to  the  evidence  afforded  by  fossil  fishes  as  to 
the  age  of  the  Ohio  shale,  it  seems  to  me  that  this  is  preponderatingly 
in  favor  of  assigning  the  beds  in  question  to  the  Upper  Devonian,  rather 
than  to  the  Lower  Carboniferous. 

"Much  significance  attaches  to  the  fact  that  the  fish-fauna  of  the 
Ohio  shale  is  characterized  by  an  extraordinary  development  of  Dip- 
noans,  as  represented  by  the  order  Arthrodira  (Coccosteus,  Dinich- 
thys,  Titanichthys,  etc.);  and  in  other  parts  of  the  world,  notably  in 
Scotland,  northern  and  central  Eruope,  this  order  is  restricted  to  the 
Devonian.  In  addition,  the  detached  dental  plates  of  the  type  de- 
scribed as  Ctenodus  wagneri  Newb.  are  comparable  to  the  jaw-parts  of 
Dipterus,  Sagenodus,  Ctenodus,  Ganorhynchus,  Paloedaphus,  etc.,  that 
occur  abundantly  in  the  Chemung-Cat skill  of  New  York  and  Pennsyl- 
vania, and  in  the  Upper  Devonian  of  Belgium.  Again,  the  presym- 
physial  teeth  of  Onychodus  ortoni  Newb.,  from  the  Huron  shale  of  Frank- 
lin County,  Ohio,  are  evidently  related  on  the  one  hand  to  the  Meso- 
devonian  0.  sigmoides,  and  the  Neodevonian  0.  hopkinsi  on  the  other. 
The  genus  ranges  throughout  the  Devonian  in  Europe,  but  is  not  known 
to  persist  into  the  Carboniferous. 

"Taken  together,  the  facts  that  Arthrodires  predominate,  and  that 
Dipterine  dental  plates  as  well  as  certain  typically  Devonian  genera 
like  Onychodus  and  Phcebodus  are  present  in  the  Ohio  shale  fauna,  are 
of  considerable  weight  in  determining  the  age  of  the  beds  carrying  this 
fauna.  As  for  the  forms  of  shark  life  taking  part  in  the  assemblage, 
these  are  of  very  primitive  nature,  and  may  readily  be  imagined  as 
ancestral  to  -the  numerous  and  diversified  series  of  Elasmobranchs 
which  blossomed  forth  in  the  Lower  Carboniferous.  Cladoselache,  by 
reason  of  its  generalized  organization,  might  be  expected  to  appear  earlier 
than  the  host  of  Mississippian  sharks,  and  those  from  corresponding 
European  horizons,  which  may  all  have  been  derived  from  some  such 
progenitor  as  this.  Under  the  names  of  Cladodus  and  Ctenacanthus 
have  been  described  various  detached  teeth  and  spines,  which  are  prob- 
ably to  be  referred  to  Cladoselache,  but  the  occurrence  of  similar  de- 
tached remains  in  later  deposits  cannot  be  relied  upon  as  a  safe  basis 
of  correlation.  This  for  the  reason  that  widely  different  families  of 

better  of  April  2,  1912. 
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cartilaginous  fishes  may  nevertheless  be  provided  with  similar  forms  of 
dentition  and  dermal  defenses. 

"Finally,  whatever  weight  may  be  assigned  to  negative  evidence, 
one  must  not  overlook  the  fact  that  Palseoniscid  remains,  such  as  con- 
stitute so  marked  a  feature  of  the  Lower  Carboniferous  fish-fauna  of 
other  regions,  are  conspicuously  absent  from  the  Ohio  shale.  This 
formation  contains  no  typically  Carboniferous  genera,  but  on  the  other 
hand  does  contain  four  typically  Devonian  genera,  to  wit:  Phcebodus, 
Coccosteus,  Dinichthys  and  Onychodus"1 

Catamites  in  Ohio  Shale* — In  the  summer  of  1911  Dr.  Kindle  found 
Calamites  inornatus  Dn.  in  the  Huron  shale  of  Huron  River,  near  Milan, 
Ohio,  the  type  specimen  of  which  came  from  the  Genesee  shale  of  Cuy- 
uga  Lake,  New  York.  Dr.  Kindle  writes  that  this  specimen  came  from 
"a  few  feet  above  the  base  of  the  section  which  is  exposed"  near  Milan.2 
The  specimen  was  studied  by  Mr.  David  White,  who  wrote  Dr.  Kindle 
as  follows: 

"I  have  examined  with  great  care  and  interest  the  fossil  plant  from 
the  Huron  shale,  near  Milan  in  northern  Ohio.  The  fossil  com- 
prises a  long  fragment  of  the  trunk  of  the  type  described  by  Sir  William 
Dawson  as  Calamites  inornatus.  On  examination  I  find  the  species  to 
present  the  essential  character  of  Nathorst's  genus  Pseudobornia,  which 
is  typical  of  the  Pseudoborniales  —  an  order  that  probably  is  ancestral 
to  both  the  Sphenophyllales  and  Calmariales  *  *  *  * 

"The  specimens,  originally  described  by  Dawson,  are  said  to  have 
been  obtained  from  the  Genesee  shale  along  the  shore  of  Cayuga  Lake 
in  New  York.  I  have  examined  similar  material  collected  by  Prof. 
C.  S.  Prosser  from  the  upper  part  of  the  Genesee  shale  at  Blacksmith's 
Gully,  near  Bristol  Centre,  Ontario  County,  New  York,  and  from 
Seneca  Point  on  the  west  shore  of  Canandaigua  Lake.  It  is  represented  in 
other  collections  by  many  specimens  from  the  Genesee  shale,  from  Mt. 
Morris,  New  York,  and  other  localities.  The  form — probably  identi- 
cal with  Pseudobornia  inornata — is  said  to  have  been  collected  from 
shales  referred  to  the  Hamilton  group  at  Livonia,  New  York.  Other 
material  probably  belonging  to  the  same  genus  but  concerning  whose 
specific  identity  there  remains  doubt  on  account  of  the  lack  of  charac- 
teristics in  ordinary  stem  fragments,  is  said  to  have  come  from  the  Mar- 
cellus  at  Collingwood,  Canada,  and  18-Mile  Creek,  in  New  York. 

"In  its  typical  form  the  species  is — so  far  as  I  am  aware — character- 
istic of  the  Genesee  shale."3 

Specimens  of  Calamites  are  occasionally  found  in  the  lower  part  of 
the  Ohio  shale  in  central  Ohio,  in  that  part  of  the  formation  in  which  the 
concretions  occur  that  contain  Dinichthys  and  Dadoxylon.  Some  of 
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these  specimens  together  with  an  entirely  different  form  were  sent  Mr. 
David  White,  who  has  written  as  follows  concerning  them: 

"One  of  the  carbonized  plant  fragments  is  entirely  strange  to  me. 
The  other  two  appear  on  first  inspection  to  represent  Dawson's  Cala- 
mites  inornatus  from  the  Huron  in  Ohio  and  the  Genesee  in  New  York, 
though  I  cannot  be  sure  of  the  specific  identity  until  the  specimens  are 
very  carefully  compared  side  by  side.  It  is  not  improbable  that  the 
inornatus  type  ranges  somewhat  above  the  Genesee  in  New  York,  and 
that  it  may  even  ascend  into  the  Chemung,  though  I  have  at  present 
no  conclusive  evidence  to  show  so  wide  a  range  for  this  species."1  Dr. 
Dawson  gave  the  distribution  and  range  of  this  species  as  Middle  De- 
vonian of  Cayuga  Lake,  New  York,  and  Kettle  Point,  Ontario,  Canada, 
and  Lower  Devonian «of  Gaspe,  Canada.2 

Protosalvinia  of  Ohio  Shale, — Certain  layers  in  the  lower  part  of 
the  Ohio  shale  in  central  Ohio,  but  in  that  portion  of  the  shale  in  which 
the  concretions  containing  Dinichthys  and  Dadoxylon  occur,  contain 
immense  numbers  of  the  spores  named  Protosalvinia  huronensis  by  Daw- 
son.  According  to  Dr.  Daweon,  Professor  Orton  sent  specimens  of 
these  spores  to  him  "from  the  Erian  shales  of  that  State  [Ohio],  which 
on  comparison  seemed  undistinguishable  from  Sporangites  \Protosal- 
vinia]  Huronensis."3  These  spores  have  been  reported  and  described 
by  Dr.  John  M.  Clarke  from  the  Marcellus  and  Genesee  shales  of  Ontario 
County,  New  York,4  and  Prof.  Henry  S.  Williams  reported  "Sporangites 
[Protosalvinia} ,  the  same  forms  as  those  of  the  Ohio  black  shales"  from 
the  Genesee  shale  near  Attica,  Wyoming  County,  New  York.5  Other 
specimens  of  Sporangites  were  recorded  by  Professor  Williams  in  this 
Bulletin  from  the  recurrent  black  shales  in  the  Portage  formation  of  the 
Genesee  section.  Large  numbers  of  spores,  apparently  of  Protosalvinia, 
occur  in  certain  layers  of  the  black  shale  of  the  Huron  in  northern  Ohio. 

Dr,  Orton  on  Plant  Fossils  of  Ohio  Shale*  —  Dr.  Orton  wrote  as 
follows  concerning  the  occurrence  of  plant  fossils  in  the  Ohio  shale: 

"Fossil  wood,  derived  from  ancient  pine  trees  of  the  genus  Da- 
doxylon, is  quite  common  in  the  lower  beds  (Huron) .  The  wood  is  sil- 
icified  and  the  original  structure  is  admirably  preserved.  This  wood 
is  sometimes  found,  like  the  fish  remains  already  noted,  at  the  hearts  of 
the  concretions,  but  occasionally  large  sized  blocks  are  found  free  in 
the  shale.  On  account  of  its  enduring  nature  it  is  often  found  in 
those  beds  of  glacial  drift  that  have  been  derived  largely  from  the  de- 
struction of  the  shales. 

Strap-shaped  leaves,  presumably  of   sea-weeds,    are   occasionally 
found  upon  the  surface  of  the  shale  layers.     Sometimes  they  form  thin 

'Letter  of  April  2,  1912. 

zQeol.  Survey  Canada,  Fossil  plants  Devonian  and  Upper  Silurian  formations 
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layers  of  bright  coal  which  deceive  the  ignorant.  Fossil  rushes,  of  the 
genus  Calamites,  are  also  occasionally  met  with. 

"But  the  forms  already  named  are  of  small  account;  so  far  as  quan- 
tity is  concerned,  when  compared  with  certain  microscopic  fossils  that 
are,  with  little  doubt,  of  vegetable  origin,  and  which  are  accumulated 
in  large  amount  throughout  the  black  beds  of  the  entire  shale  forma- 
tion, composing,  sometimes,  a  notable  percentage  of  the  substance  of 
the  rock,  and  apparently  giving  origin,  to  an  important  extent,  to  the 
bituminous  character  of  the  beds."1 

Professor  Branson  on  Fossils  of  Ohio  Shale* — Dr.  Branson  searched 
carefully  in  the  Ohio  shales  of  northern  Ohio  for  fossils,  which  he  found 
at  twelve  horizons.  Twenty  feet  from  the  bottom  he  found  "a  thin 
bed  of  shale  that  contains  numerous  specimen*  of  Lingula  spatulatus 
[spatulata  Van.]"  and  also  large  specimens  of  it  occur  abundantly  ''about 
sixty-five  feet  below  the  Bedford."2  Professor  Schuchert  gives  the  range 
of  this  species  as  Genesee  and  Portage,  and  some  of  the  localities  as 
"Lodi,  Seneca  Lake  [Genesee  shale],  etc.,  New  York;  Portage  group  at 
Ithaca,  New  York  (Williams);  Erere,  Province  of  Para,  Brazil;  Urals 
of  Russia."3  Professor  Branson  wrote  as  follows  concerning  the  con- 
cretions : 

"From  the  bottom  of  the  shales  to  at  least  one  hundred  feet  from 
the  bottom  there  are  large  concretions,  in  some  places  in  great  abun- 
dance, and  the  nucleus  of  perhaps  one  in  every  hundred  of  these  is  a 
dinichthyid  bone.  The  first  time  that  the  writer  worked  along  the  Huron 
River  he  found  four  or  five  fossiliferous  concretions  in  five  hours.  About 
the  same  results  have  been  obtained  by  working  along  the  river  once  a 
year.  Seven  or  eight  species  have  been  found  but  the  remains  are  too 
incomplete  to  justify  descriptions  of  new  species.  Dinichthys  hertzeri 
and  Dinichthys  intermedius  are  the  only  described  species  that  have  been 
recognized."4 

He  stated  that: 

"Invertebrate  fossils  are  most  abundant  in  the  upper  four  feet 
of  the  shales.  Twenty-five  or  thirty  species  occur  here,  mostly  of 
brachiopods,  pelecypods,  and  gastropods.  This  horizon  is  fossiliferous 
in  every  locality  where  the  writer  has  observed  it  and  the  only  inverte- 
brates from  below  are  lingulas  and  one  cephalopod."5 

Professor  Branson  kindly  gave  the  writer  several  of  the  localities 
where  he  had  collected  this  upper  fauna.  They  were  visited  during  the 
summer  of  1912  and  it  was  found  that  this  fossiliferous  zone  is  the  one 
in  the  basal  deposits  of  the  Bedford  formation.  At  one  locality,  where 


.  Surv.  Ohio,  Vol.  VI,  1888,  p.  30;  and  ibid.,  Vol.  VII,  1893,  pp.  25,  26. 
'Univ.  Missouri  Bull.,  Science  ser.,  Vol.  II,  1911,  pp.  24,  26. 
3Bull.  U.  8.  Gepl.  Survey,  No.  87,  1897,  pp.  253,  254. 
'Univ.  Missouri' Bull.,  Science  ser.,  Vol.  II,  p.  25. 
5Ibid.,  p.  26. 
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a  section  could  be    measured,  the   fossiliferous  zone  is  about  one  foot 
above  the  top  of  the  Cleveland  shale. 

Under  the  heading  of  " Correlation"  Professor  Branson  has  written 
as  follows  concerning  the  faunas  of  the  Ohio  shales: 

"There  are  no  Mississippian  elements  in  the  faunas  as  far  as  they 
have  been  investigated  and  this  fauna  from  the  very  top  is  characteris- 
tically Devonian.  As  this  region  had  free  communication  with  the  east 
and  probably  with  the  west  in  early  Mississippian  time  the  faunas 
would  have  had  a  strong  Mississippian  element  if  they  had  been  of  that 
age. 

"The  Hamilton  age  of  the  Olentangy  shales  seems  to  be  established, 
and  as  the  top  of  the  Ohio  shales  bears  a  distinctly  Devonian  fauna, 
and  as  fish  remains  that  are  found  no  place  outside  of  the  Devonian 
are  preserved  throughout  their  thickness,  it  seems  that  the  shales  must 
be  classed  as  Devonian  and  younger  than  the  Hamilton.  That  the  over- 
lying Bedford  shales  are  Devonian  cannot  be  so  positively  affirmed. 
As  there  is  no  break  in  sedimentation  from  Ohio  to  Bedford  and  evi- 
dence from  the  fossils  is  negative,  there  seems  to  be  no  good  reason  for 
placing  the  dividing  line  at  this  contact.  In  as  far  as  stratigraphic 
relations  are  concerned,  the  line  would  be  drawn  more  appropriately 
at  the  contact  of  the  Bedford  and  overlying  Berea."1 

It  is  to  be  noted  that  the  fauna  which  Professor  Branson  located 
very  near  the  top  of  the  Ohio  shale  is  in  reality  the  Bedford  fauna. 
This  change  in  stratigraphic  position,  however,  does  not  affect  his  con- 
clusion that  the  Ohio  shale  is  of  Devonian  age;  but  does  decidedly 
strengthen  his  opinion  that  the  Bedford  also  belongs  in  the  Devonian. 

Finally  under  the  heading  "Conclusions"  are  the  following  state- 
ments by  Professor  Branson: 

"West  of  Elyria  the  Ohio  shales  have  a  distinctly  Devonian  fauna 
at  the  top  and  must  be  classed  as  Upper  Devonian. 

"The  Bedford  shale  has  its  closest  relationship  with  the  Devonian 
and  should  probably  be  classed  as  Devonian."2 

Professor  Herrick  and  Dr*  Girty  on  Devono  -  Carboniferous 
Line,  —  Prof.  C.  L.  Herrick's  opinion  that  the  fauna  at  the  base  of  the 
Bedford  formation  in  central  Ohio  is  Devonian  is  well  known.3  He  stated 
that  at  this  horizon  is  "a  considerable  series  of  fossils  forming  a  decid- 
edly Devonian  assemblage.  More  remarkable  still,  the  specific  resem- 
blances are  unquestionably  with  Hamilton  (in  the  broad  sense)  rather 
than  the  Chemung  fauna."4 

Dr.  Girty  has  also  stated  that  this  Bedford  fauna  is  quite  distinct 
from  any  of  the  Mississippian  ones,  and  favored  calling  the  base  of  the 

'Ibid.,  pp.  27,  28. 
=Ibid.,  p.  28. 
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Berea  formation  the  beginning  of  the  Carboniferous.  He  wrote  as 
follows:  "It  is  probable,  however,  that  the  Misjissippian  is  initiated 
with  the  Berea  grit,  because  the  Bedford  fauna  comprises  a  well-de- 
fined group  of  species,  quite  distinct  from  any  of  the  Waverly  or  Mis- 
sissippian  faunas.  The  lower  Cuyahoga  fauna,  so  far  as  it  is  known,  is 
allied  to  that  of  the  middle  and  upper  portion.  The  supposed  equiva- 
lent of  the  Berea  grit  in  northwestern  Pennsylvania  contains  a  fauna 
which  is  without  much  question  of  a  Mississippian  type,  and  further- 
more, both  theoretically,  and  practically  for  mapping  purposes,  the  Berea 
grit  is  a  satisfactory  bed  with  which  to  initiate  the  Carboniferous 
series."1 

Since  the  above  was  written  the  writer  has  had  the  opportunity 
of  reading  an  interesting  paper  by  Dr.  Girty  on  "The  Geologic  Age 
of  the  Bedford  Shale  of  Ohio,"  which  will  be  published  at  an  early 
date  in  the  Annals  of  the  New  York  Academy  of  Sciences.  More 
than  40  species  and  varieties  from  the  Bedford  are  listed  in  this  article, 
the  closing  paragraph  of  which  is  as  follows: 

"Therefore,  while  the  weight  of  the  evidence  is  not  entirely  cast 
on  one  side  of  the  question,  I  believe  that  so  far  as  the  facts  are  known 
they  indicate  the  line  at  the  base  of  the  Berea  sandstone  as  the  proper 
position  of  the  Devono-Carboniferous  boundary  in  northern  Ohio. 
This  is  because  that  boundary  is  marked  by  an  unconformity,  by  the 
presence  of  a  basal  sandstone  and  by  a  pronounced  faunal  change, 
such  that  while  the  fauna  of  the  Berea  (Corry)  sandstones  has  a  dis- 
tinctly Carboniferous  facies  and  is  probably  to  be  correlated  with  the 
Kinderhook  group  of  the  Mississippi  Valley,  that  of  the  Bedford  shale, 
though  its  scratigraphic  position  is  above  the  typical  Chemung,  has, 
in  connection  with  the  rest  of  the  Bradford  group,  a  distinctly  Devonian 
facies." 

Opinions  of  Drs,  Ulrich  and  Kindle  *• — While  this  bulletin  is  passing 
through  the  press  the  August  number  of  the  American  Journal  of  Sci- 
ence has  appeared  containing  two  important  papers  by  the  above  men- 
tioned authors,  concerning  the  age  of  the  Ohio  shale.  Dr.  E.  0. 
Ulrich's  article  is  entitled  "The  Chattanoogan  Series  with  Special  Ref- 
erence to  the  Ohio  Shale  Problem."2  Since  it  is  only  the  views  con- 
cerning the  Ohio  shale  that  are  germane  to  this  report,  the  other  subjects 
discussed  in  the  article  will  not  be  mentioned.  Dr.  Ulrich  definitely 
stated  his  opinion  in  the  following  language: 

"Beginning  with  Newberry  in  1870  and  continuing  to  the  present 
day,  all  geologists  who  have  worked  on  this  part  of  the  Ohio  section 
have  placed  the  Chagrin  above  the  Huron.  I  insist  that  this  relation 
of  the  two  formations  has  never  been  established,  and  that  most  prob- 
ably the  opposite  condition  obtains;  in  other  words,  that  the  Huron  is 

'Proc.  Washington  Acad.  Sci.,  Vol.  VII,  1905,  p.  6. 
>Loc.  cit.,  4th  ser.;  Vol.  XXXIV,  pp.  157-183. 
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younger,  and  not  older,  than  the  Chagrin.  Incidentally  it  will  appear 
that  the  beds  beginning  with  the  concretionary  Dinichthys  herzeri 
zone  (which  usually  forms  the  lower  part  of  the  Huron)  and  ending  with 
the  top  of  the  Cleveland  shale,  constitute  a  single  broadly  conceived 
and  diastrophically  unbroken  formation,  or  a  group  of  three  litholog- 
ically  distinguishable  members,  which  overlaps  eastwardly  over  the 
edge  of  the  west  war  dly  diminishing  wedge  of  Chagrin  shale."1  And 
again  he  wrote: 

"In  further  explanation  of  my  attitude  respecting  the  age  of  the 
Chattanoogan  it  should  be  added  that  until  it  is  actually  proved  that 
the  Chagrin  belongs  between  the  Cleveland  and  the  Huron  and  not, 
as  I  believe,  beneath  both,  I  must  insist  that  the  Waverlyan  begins  in 
Ohio  with  the  Dinichthys  herzeri  zone  of  the  Huron."2 

Dr.  Kindle's  article  on  "The  Stratigraphic  Relations  of  the  De- 
vonian Shales  of  Northern  Ohio"  is  based  on  careful  field  work  in  this 
State  and  accompanied  by  a  chart  of  local  sections  across  northern  Ohio. 
He  takes  up  the  overlap  hypothesis  and  discusses  in  detail  "The  grounds 
on  which  the  overlap  theory  rests  as  applied  to  the  Cleveland  and  Huron 
shales"3  and  reaches  the  following  conclusion: 

"The  products  of  wave  action  now  in  progress  upon  a  retreating  coast 
line  composed  of  Chagrin  shale  may  be  seen  along  the  Lake  Erie  shore 
west  of  Rocky  River,  where  immense  quantities  of  pebbles,  both  large 
and  small,  have  been  made  from  the  sandstone  bands  of  the  Chagrin 
shale.  With  this  demonstration  of  what  wave  action  actually  pro- 
duces in  the  shape  of  coarse  materials  when  working  on  the  Chagrin 
shale,  the  case  of  the  overlap  theorist  falls  to  the  ground  unless  he  can 
show  a  basal  conglomerate  such  as  must  have  resulted  from  the  advance 
of  the  sea  across  these  beds.  The  work  of  various  geologists  on  the 
northern  Ohio  section  makes  it  very  certain  that  there  are  no  such  beds. 
We  can,  therefore,  only  conclude  that  the  assumed  overlap  never  oc- 
curred."4 

Dr.  Kindle  calls  particular  attention  to  the  cone-in-cone  lenses  in 
the  Cleveland  shale  and  the  spherical  concretions  in  the  lower  part  of 
the  Ohio  shale  and  proposes  "to  limit  the  term  Huron  shale  to  those  beds 
of  the  Ohio  shale  exposed  on  the  Huron  River,  at  Rye  Beach  and  else- 
where, in  which  the  spherical  concretions  occur  and  the  Cleveland  shale 
to  the  higher  beds  in  which  they  do  not  occur  and  in  which  the  cone-in- 
cone  structure  does  occur."5 

One  section  considers  the  "Structural  Features"  and  another  the 
"Age  of  the  Huron  shale."  In  the  latter  section  he  considers  the  plant, 
invertebrate  and  vertebrate  fossil  evidence  and  writes  as  follows: 


.,  p.  159. 
2Ibid.,  p.  162. 
3Ibid.,  p.  190. 
4Ibid.,  p.  205. 
5Ibid.,  p.  199. 
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"The  report  of  David  White  on  some  well-preserved  plant  remains 
collected  from  beds  within  10  feet  of  the  lowest  exposures  of  the  Huron 
shale  on  the  Huron  River  are  of  considerable  interest  in  this  connection. 
It  is  as  follows: 

(<  'I  have  examined  with  great  care  and  interest  the  fossil  plant  from 
the  Huron  shale,  near  Milan  in  northern  Ohio.  The  fossil  comprises 
a  long  fragment  of  the  trunk  of  the  type  described  by  Sir  William  Daw- 
son  as  Calamites  inornatus  *  *  *. 

"  'In  its  typical  form  the  species  is — so  far  as  I  am  aware- — charac- 
teristic of  the  Genesee  shale.'  This  plant  is  an  abundant  fossil  in  some 
parts  of  the  Huron  shale,  although  generally  found  in  a  fragmentary 
condition  as  though  transported  for  a  distance.  It  outnumbers  all 
other  fossil  plants  combined,  if  we  except  Sporangites,  which  are  found 
in  the  Huron.  The  testimony  of  Mr.  White  that  this  dominant  fossil 
plant  is  characteristic  of  the  Genesee  shale  and  is  not  known  to  occur 
above  it  should  have  much  weight  in  establishing  the  Devonian  age  of 
the  shale  and  the  untenable  position  of  the  advocates  of  the  overlap 
hypothesis. 

"The  invertebrate  fauna  of  the  Huron  shale,  like  that  of  most  black 
shales,  is  very  sparse  indeed.  Only  one  brachiopod  with  a  general  dis- 
tribution has  been  observed.  This  is  Lingula  ligea,  which  has  been 
found  at  Rye  Beach  and  other  localities  where  the  lower  beds  of  the 
Huron  are  exposed.  This  shell  has  a  recorded  range  from  Hamilton 
to  Portage.  The  collections  of  the  writer  from  the  type  region  of  the 
Huron  shale  include,  in  addition  to  Lingulas,  a  well-preserved  Paleo- 
neilo.  This  shell  is  closely  allied  to  if  not  identical  with  the  Hamilton 
species  Paleoneilo  tenuistriata.  It  was  collected  from  a  gray  band  within 
five  feet  of  the  base  of  the  Huron  as  exposed  on  Huron  River.  Another 
molluscan  form  collected  from  the  Huron  at  Rye  Beach  is  a  Macro- 
cheilus.  The  surface  features  are  not  preserved  but  the  shape  of  the 
mould  indicates  a  species  closely  allied  to  if  not  identical  with  Macro- 
cheilus  hamiltonce. 

"The  Huron  and  Cleveland  shales  together  afford  a  rather  long  list 
of  fishes.  But  only  a  small  number  of  these  are  known  elsewhere. 
Concerning  the  evidence  of  this  class  of  fossils  it  is  sufficient  to  state 
here  that  Eastman,  Hussakof,  and  Branson,  the  three  paleontologists 
who  have  in  recent  years  given  most  attention  to  the  Ohio  group  fishes, 
agree  in  considering  these  fossils  to  represent  a  Devonian  horizon."1 

Finally,  the  closing  section  of  this  article  deals  with  the  "Upper 
limit  of  the  Devonian  shales"  and  Dr.  Kindle  concludes  as  follows: 

"This  earliest  appearance  in  the  Ohio  section  of  red  and  chocolate- 
colored  sediments  in  the  Bedford  shale  indicates  a  change  in  the  char- 
acter and  conditions  of  sedimentation  of  a  more  profound  character  than 
any  which  had  previously  occurred  in  the  region  since  the  cessation  of 

'Ibid.,  pp.  209,  210. 
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limestone  sedimentation.  This  type  of  sedimentation  is  terminated 
throughout  northern  Ohio  by  a  very  marked  unconformity  which  inter- 
venes between  the  Bedford  shale  and  the  Berea  sandstone.  The  logical 
place  at  which  to  draw  the  Devonian-Carboniferous  boundary  in  north- 
ern Ohio  appears  to  the  writer  to  be  the  horizon  of  this  unconformity. 
The  fauna  of  the  Bedford  shows  a  Devonian  facies  with  the  possible 
exception  of  Syringothyris,  but  this  genus  can  no  longer  be  regarded  as 
strictly  limited  to  the  Carboniferous.  The  'Corry'  sandstone  of  north- 
western Pennsylvania,  which  follows  the  Bedford  horizon  and  is  the 
equivalent  of  the  Berea,  contains,  according  to  Girty,  a  distinctly  Car- 
boniferous fauna.  This  definition  of  the  boundary  between  the  two 
systems  gives  as  the  initial  formation  of  the  Carboniferous  a  coarse 
sandstone  holding  an  undoubted  Carboniferous  fauna  which  follows 
an  unconformity  above  beds  with  a  fauna  which  is  more  Devonian  than 
Carboniferous  in  facies."1 

'Ibid.,  p.  213. 


35— G.  B.  15. 


CHAPTER   VII 
PALEONTOLOGY 

Introduction. — It  is  not  the  intention  to  give  in  this  bulletin  a 
technical  description  of  many  of  the  fossils  that  have  been  collected 
in  the  formations  under  discussion.  Such  description  is  in  course  of 
preparation,  but  it  is  reserved  for  a  later  publication.  The  importance 
of  the  fossil  evidence  of  the  upper  Chagrin  in  favor  of  its  correlation 
with  the  Chemung  formation  of  New  York  is  deemed  sufficient  reason, 
however,  for  inserting  in  this  bulletin  six  plates  of  Brachiopods.  The 
following  pages  contain  descriptions  of  six  new  forms  together  with 
notes  on  the  Ohio  specimens  of  the  other  species  that  are  illustrated. 
The  well  known  technical  descriptions  of  the  species  described  by 
Professor  Hall  in  Vol.  IV,  Palaeontology  of  New  York  have  been  drawn 
upon  in  the  description  of  the  Ohio  specimens  believed  to  belong  to  the 
same  species.  The  figures,  with  the  exception  of  six  species  or  varie- 
ties, represent  forms  which  are  more  or  less  characteristic  of  the  upper 
Chemung  of  southern  New  York  and  northwestern  Pennsylvania.  The 
drawings  were  made  by  Mr.  G.  S.  Barkentin,  the  accomplished  delin- 
eator of  the  New  York  Geological  Survey. 

DESCRIPTION  OF  SPECIES 

DalmaneMa  tioga  (Hall)  Williams  var.  elmira  Williams. 
Plate  XXVIII,  figs.  1-6. 

Orthis  tioga  Hall:  Pal.  N.  Y.  Vol.  IV,  1867,  p.  59,  pi.  8,    figs. 

20-29. 
Dalmanella  tioga  H.  S.  Williams:  Proc.  U.  S.  Nat.  Mus.,  Vol. 

XXXIV,  1908,  p.  55,  pi.  3,  figs.  1-5,  7,  9,  10,  12. 
— —  elmira  H.  S.  Williams:  Proc.  U.  S.  Nat.  Mus.,  Vol. 

XXXIV,  1908,  p.  56,  pi.  3,  figs.  6,  8,  11. 

Shell  subquadrate,  length  four-fifths  to  five-sixths  of  width;  hinge 
line  a  little  less  than  half  the  greatest  width  of  the  shell.  Ventral 
(pedicle)  valve  nearly  flat,  but  gently  convex  toward  the  umbo  with 
sometimes  a  slight  mesial  elevation,  the  umbo  slightly  incurved.  Dorsal 
(brachial)  valve  low  convex,  the  greatest  elevation  near  the  middle 
on  each  side  of  a  somewhat  indistinctly  outlined  mesial  sinus.  Surface 
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marked  by  radiating  lines  and   striae,  the  lines   angular,  more  or  less 
fasciculate  and  curving  upwards  toward  the  hinge  line. 

In  the  paper  cited  above  Professor  Williams  revised  the  species 
described  by  Professor  Hall  as  Orthis  tioga,  separated  it  into  two  species 
and  referred  them  to  the  genus  Dalmanella.  It  was  stated  by  Hall 
in  the  original  description  of  0.  tioga  that  it  is  "broadly  elliptical,  about 
two-thirds  as  long  as  wide."  Professor  Williams  wrote  that  the  new 
species' — Dalmanella  elmira — "differs  from  0.  tioga,  as  restricted,  by 
its  subquadrate  form;  the  length  is  from  four-fifths  to  five-sixths  the 
width."  The  nearer  equal  length  and  width  appears  to  be  the  principal 
difference  of  the  form  which  Professor  Williams  has  separated  from 
Dalmanella  tioga  and  named  D.  elmira.  Three  representative  specimens 
of  the  Ohio  species  from  Chippewa  Creek  were  selected  for  illustration 
and  their  dimensions  are  as  follows : 

Length  of      Length.  Width.  Four-fifths         Five-sixths        Two-thirds 

hinge  line.  of  width.  of  width.          of  width. 

Figs,  land 2,    9mm.      17.2mm.     21.7mm.     17.36mm.       14.4   mm. 

«   3  and  4,    7    «          15.7  "          17.3  "          14.4mm.     11.53     « 

«   5  and  6,    7    «         14.4  "         17.3  « 14.4  «         11.53     « 

In  the  above  table  it  will  be  seen  that  four-fifths  of  the 
width  of  the  first  specimen  is  only  slightly  greater  than  its 
length,  while  in  the  second  one  five-sixths  of  the  width  is  only 
1.3  mm.  less  than  the  actual  length,  and  in  the  third  one  five-sixths  of  the 
width  is  its  exact  length.  The  last  column  gives  two-thirds  of  the  width, 
which  in  each  specimen  is  considerably  less  than  its  length.  Since  the 
length  of  the  form  named  Dalmanella  elmira  by  Professor  Williams 
is  from  four-fifths  to  five-sixths  the  width  it  is  obvious  from  the  above 
table  that  the  Ohio  specimens  are  nearer  it  than  the  more  elliptical 
form  with  a  length  two-thirds  of  the  width. 

Professor  Williams  stated  that  "the  typical  D.  elmira  is  found 
associated  with  D.  tioga  in  the  lower  part  of  the  Chemung,  but  in  the 
middle  and  upper  part  of  the  Cayuta  member  D.  elmira  becomes  the 
prevailing  species."  In  the  Ithaca-Elmira  region  of  southern  New 
York  Professor  Williams  has  divided  the  Chemung  formation  in  as- 
cending order  into  the  Cayuta  shale  and  Wellsburg  sandstone  members.1 
It  is  perfectly  clear  that  Hall  included  both  the  elliptical  and  subquad- 
rate types  in  his  Orthis  tioga,  as  may  readily  be  seen  by  an  examination 
of  his  figures  of  the  species.  This  is  clearly  indicated  by  Professor 
Williams,  who  states  that  his  new  species  Dalmanella  elmira  "(  =  Orthis 
tioga  Hall  (in  part),  as  represented  by  figs.  21,  26,  27,  and  28  on  Plate 
VIII,  Pal.  N.  Y.,  IV,  1867)."  Apparently  the  "subquadrate  form" 
of  D.  elmira  is  the  only  important  character  noted  by  Professor  Williams 

Catkins  Glen-Catatonk  folio  (No.  169),  Geol.  Atlas  U.  S.,  U.  S.  Geol.  Survey, 
1909,  Field  ed.,  pp.  74-76. 


532  DEVONIAN  AND  MISSISSIPtlAN 

that  separates  it  from  D.  tioga  as  emended  by  him.  This  does  not 
appear  to  the  writer  as  an  important  and  constant  enough  character 
for  the  creation  of  a  new  species.  It  is  believed  that  there  must  be 
many  connecting  specimens  between  the  two  types,  which  it  will  be 
difficult  to  refer  to  either  so-called  species.  It  is  true  that  the  typical 
forms  of  Dalmanella  elmira  differ  noticeably  in  shape  from  those  of 
D. tioga  sensu  stricto,  and  for  this  reason  the  former  is  retained  as  a  variety 
of  Dalmanella  tioga. 

Horizon  and  Locality. — Near  the  top  of  the  Chagrin  formation. 
Chippewa  Creek,  where  it  is  abundant;  Bedford  Glen;  Big  Creek. 

Camarotoechia  orbicularis  Hall 
Plate  XXVIII,  figs.  7,  8. 

Rhynchonella  orbicularis  Hall:  Thirteenth  Kept.  N.  Y.  State 

Cab.  Nat.  Hist.,  1860,  p.  88. 

—Hall:  Pal.  N.  Y.,  Vol.  IV,  1867, 

p.  353,  pi.  53,  figs.  40-46. 
Camarotoechia  orbicularis  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII, 

pt.  2,  1893,  p.  192,  pi.  57,  figs.  46-48,  50. 

Shell  suborbicular,  ventricose  on  the  dorsal  valve,  width  greater 
than  the  length.  Ventral  valve  moderately  convex,  outline  gently 
curving  on  the  lateral  and  baso-lateral  margins,  the  center  gently  de- 
pressed in  a  broad  and  strongly  defined  median  sinus.  Dorsal  valve 
gibbous  in  the  middle,  sides  curving  abruptly  to  the  ventral  valve, 
median  fold  beginning  above  the  middle  of  the  length  and  becoming 
prominent  toward  the  front.  Surface  marked  by  from  18  to  22  generally 
rounded  plications,  but  there  are  subangular  ones,  of  which  4  are  usually 
on  the  mesial  fold  and  3  or  4  in  the  sinus.  The  dorsal  valve  of  the 
specimens  figured  is  16.2  mm.  long  and  17.3  mm.  wide,  while  the  ventral 
valve  is  15+  mm.  long  and  18.6  mm.  wide.  Another  Madison  road 
specimen  is  17.3  mm.  long  and  20  mm.  wide.  One  of  the  types  from 
Meadville,  Pa.,  (fig.  40,  pi.  55,  Vol.  IV,  Pal.  N.  Y.)  is  almost  19  mm. 
long  and  20  mm.  wide.  As  stated  elsewhere  the  Ohio  specimens  were 
compared  with  types  of  this  species  in  the  New  York  State  Museum 
and  the  writer  considers  them  specifically  identical. 

Horizon  and  Locality.  —  Upper  part  of  Chagrin  formation.  Madi- 
son-Thompson road,  3  miles  south  of  Madison;  Trumbull  Creek,  one- 
fourth  mile  south  of  Trumbull  Center;  Mill  Creek  at  Eaglesville;  Cherry 
Valley  Township. 

Liorhynchtis  ohioense  n.  sp* 
Plate  XXVIII,  figs.  9-13. 
Shell  ovate,  wider  than  long,   greatest  width  slightly  anterior  to 
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the  middle,  and  compressed.  Surface  of  mesial  fold  and  sinus  marked 
by  from  1  to  4  broad,  rounded  plications  which  do  not  bifurcate,  or  only 
very  near  the  umbo.  Generally  on  each  lateral  margin  2  or  3,  and  occa- 
sionally more,  rather  narrower  plications,  which  are  more  conspicuous 
toward  the  umbo  and  frequently  are  nearly  indistinguishable  near 
the  anterior  margin  of  the  shell.  The  plications  of  the  fold  and  sinus 
are  separated  by  conspicuous  furrows  which  are  generally  about  as 
wide  as  the  plications,  with  rather  flat  instead  of  angular  bottoms.  There 
are  concentric  lines,  probably  of  growth,  which  in  some  specimens 
near  the  umbo  interrupt  the  radiating  plications.  The  lateral  margins 
are  mostly  smooth,  especially  toward  the  anterior  part  of  the  shell.  The 
dimensions  of  four  specimens  ranging  from  the  largest  to  the  smallest 
of  those  figured  is  as  follows: 

Length 15.2mm.     16.6mm.     15   mm.      12.3mm. 

Width 18      «          17.5  «         15.5  "         12.9  " 

This  form  has  probably  been  identified  as  L.  mesicostale  Hall, 
•but  that  species  is  apparently  a  more  convex  shell;  it  has  a  larger  number 
of  plications  on  the  fold  and  sinus  which  are  dichotomous  toward  the 
umbo  and  in  general  are  not  so  broad.  The  Ohio  specimens  considera- 
bly resemble  medium  sized  ones  of  L.  mesicostale  Hall  from  the  Ithaca 
formation  at  North  Norwich,  N.  Y.,  which  are  in  the  American  Museum; 
but  the  plications  of  the  Ohio  ones  are  broader  and  neither  so  high 
nor  so  angular.  There  is  also  a  considerable  difference  in  the  general 
appearance  of  the  specimens  belonging  to  these  two  species. 

Horizon  and  Locality.  —  Upper  part  of  Chagrin  formation.  Just 
north  of  Gates  Mill;  Trumbull  Creek,  one-fourth  mile  south  of  Trumbull 
Center;  Mill  Creek  at  Eaglesville;  Mill  Creek  east  of  Jefferson. 

Liorhynchus  globuliforme  Vanuxem  var.  chagrinantim  n.  var. 
Plate  XXVIII,  figs.  14,  15;  Plate  XXIX,  figs.  1,  2. 

Atrypa  globuliformis  Vanuxem:  Geol.  N.  Y.,  Kept.  Third  Dist., 

1842,  p.   182,  fig.  2. 
Leiorhynchus  globuliformis  Hall:  Pal.   N.   Y.;  Vol.   IV,  1867, 

p.  364,  pi.  57,  figs.  26-29. 
Liorhynchus  globuliformis  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII, 

pt.  2,  1893,  p.  194,  pi.  59,  figs.  23-27. 
Leiorhynchus  globuliforme  Schuchert:  Bull.  U.  S.  Geol.  Survey, 

No.  87,  1897,  p.  236. 

Shell  large,  gibbous  and  usually  the  length  slightly  greater  than  the 
width.  Medial  fold  and  sinus  marked  by  rather  coarse  and  generally 
rounded  plications  that  are  most  conspicuous  toward  the  front  of  the 
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shell,  of  which  there  are  3-5  in  the  sinus  and  4-6  on  the  fold.  Lateral 
margins  usually  smooth;  but  occasionally  showing  faint  plications  near 
the  fold  or  sinus.  There  are  strong  concentric  lines  or  wrinkles  of  growth. 
Specimens  are  all  internal  impressions  and  the  dorsal  valves  show  a 
distinct  median  septum.  An  average  specimen  is  25.8  mm.  long  and 
24.4  mm.  wide.  The  one  represented  by  figs.  14  and  15  on  plate 
XXVIII,  which  is  somewhat  crushed  laterally,  is  23.5  mm.  long,  19  mm. 
wide  and  20  mm.  thick.  A  broad  and  large  specimen  is  30  mm.  long 
and  29  mm.  wide.  The  specimen  of  L.  globuliforme  represented  by 
fig.  26  of  plate  57  in  the  New  York  Palaeontology  is  21.8  mm.  long  and 
21.7  mm.  wide.  The  one  represented  by  fig.  27  on  the  same  plate  is 
24.1  mm.  long  and  21.2  mm.  wide,  while  fig.  28  is  23.8  mm.  long  with  a 
probable  thickness  of  20.6  mm. 

The  very  gibbous  character  of  these  shells  apparently  separates 
them  from  L.  mesicostale  Hall  and  allies  them  with  L.  globuliforme 
Van.  They  are  narrower  in  proportion  to  their  length  than 
specimens  of  L.  globuliforme  collected  near  Port  Crane,  N.  Y.,  where  in 
certain  layers  this  species  is  very  abundant.  On  account  of  this  and 
some  other  not  very  striking  differences  the  Ohio  specimens  have  been 
given  the  varietal  name  of  chagrinanum,  which  indicates  the  formation 
in  which  they  occur. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Madison- 
Thompson  road,  3  miles  south  of  Madison;  Grand  River,  2  miles  south 
of  Madison. 

Spirifer  disjtmctus  Sowerby. 

Plate  XXIX,  figs.  3-6. 

Spirifera  disjuncta  Sowerby:  Trans.  Geol.  Soc.  2d.  ser.,  Vol.  V, 

1840,  pi.  53,  fig.  8;  pi.  54,  figs.  12,  13. 
Spirifer    disjunctus    Murchison,    deVerneuil    and    Keyserling: 

Geol.  Russia,  Vol.  II,  1845,  p.  157,  pi.  4,  fig.  4. 
Spirifera  disjuncta  Hall:  Pal.  N.  Y.,  Vol.  IV,   1867,  p.  243, 

pi.  41,  figs.  1-19;  pi.  42,  figs.  1-20. 
Spirifer  disjunctus  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII, 

pt.  2,  1893,  pp.  21,  24,  27,  37,  49,  pi.  30,  figs.  14,  15,  17. 

Shell  variable  in  shape  ranging  from  semicircular  to  semioval; 
the  hinge  line  as  long  as  the  greatest  width  of  the  shell  and  on  some 
specimens  the  cardinal  angles  extend  into  long  attenuated  points. 
Ventral  valve  convex,  sinus  rather  deep,  rounded  in  the  bottom  and  the 
margins  clearly  defined.  Beak  elevated,  moderately  incurved  over 
the  area,  which  is  flat  or  concave  and  of  variable  height.  Dorsal  valve 
not  so  convex  as  ventral,  mesial  fold  distinctly  defined,  of  moderate 
elevation  and  convexity.  Surface  marked  by  from  20  to  25  or  more 
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simple,  mostly  rounded,  but  with  some  subangular  plications,  on  each 
side  of  the  fold  and  sinus.  The  fold  and  sinus  are  each  marked  by  12 
or  occasionally  more  plications.  The  plications  are  rather  wider  than 
the  interspaces.  When  the  shell  surface  is  well  preserved  it  shows 
fine  concentric  lines  and  one  of  the  best  exteriors  shows  small  and  rather 
numerous  pustules.  Length  of  ventral  valve  represented  by  fig.  3, 
25  mm.,  width  about  35  mm.,  length  of  dorsal  valve  of  same  specimen 
20.5  mm.  Length  of  dorsal  valve  represented  by  fig.  6,  20  mm.,  width 
37  mm.  on  hinge  line  exclusive  of  spine,  which  is  10.5  mm.  long  on  side 
on  which  it  is  preserved. 

The  hinge  area  of  the  Ohio  specimens  is  not  so  high  as  on  part 
of  the  New  York  ones  with  which  they  were  compared.  They  agree 
closely,  however,  with  specimens  of  this  species  from  Chautauqua 
Creek  in  southwestern  New  York  in  height  of  hinge  area,  width  of  shell, 
number  and  strength  of  plications  on  fold  and  sinus  as  well  as  on  the 
sides  of  the  shell.  There  appears  to  be  no  question  as  to  the  identity 
of  the  Ohio  specimens  with  Spirifer  disjunctus  Sowb. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Chip- 
pewa  Creek;  Brandy  wine  Creek;  Bedford  Glen;  Cherry  Valley  Township; 
Mill  Creek  east  of  Jefferson;  Crooked  Creek;  road  2  miles  east  of  Trum- 
bull  Center;  Trumbull  Creek,  one-fourth  mile  south  of  Trumbull  Center; 
Madison-Thompson  road,  3  miles  south  of  Madison;  Big  Creek. 

Reticularia    praematura    (Hall)    Schuchert. 
Plate  XXIX,  figs.  7,  8. 

Spirifer  prcematura   Hall:     Proc.    Am.    Philos.    Soc.,    Vol.    X, 

1866,  p.  246. 

-  Hall:  Pal.  N.  Y.,   Vol.   IV,   1867, 

p.  250,  pi.  33,  figs.  31-35. 
Reticularia  prcematura   Schuchert:  Bull.  U.  S.  Geol.  Survey, 

No.  87,  1897,  p.  344. 

Hinge  line  shorter  than  the  width  of  the  shell  and  cardinal  angles 
rounded.  Ventral  valve  moderately  convex  with  a  shallow  sinus  which 
is  rather  broad  toward  the  front  with  margins  not  strongly  marked. 
Dorsal  valve  moderately  convex  with  an  indistinctly  defined 
mesial  fold  which  is  broad  and  more  conspicuous  toward  the  front 
of  the  shell.  Surface  not  plicate;  but  marked  by  rather  prominent 
concentric  ridges  and  furrows  and  -numerous  coarse  radiating  lines 
which  are  often  continuous  but  most  conspicuous  on  the  concentric 
ridges.  Length  of  ventral  valve  20.7  mm.,  greatest  width  of  one-half 
of  it  12  mm.,  indicating  a  width  of  24  mm.  Length  of  dorsal  valve  20 
mm.,  greatest  width  28  mm. 
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These  specimens  were  compared  with  types  of  this  species  from 
Meadville,  Pa.,  which  are  in  the  New  York  State  Museum,  and  found 
to  agree  in  all  important  characters. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Brandy- 
wine  Creek;  road  2  miles  east  of  Trumbull  Center;  Trumbull  Creek, 
one-fourth  mile  south  of  Trumbull  Center;  Mill  Creek  at  Eaglesville; 
Madison-Thompson  road,  3  miles  south  of  Madison;  Big  Creek. 

Cyrtia    alta    Hall. 
Plate  XXX,  figs.  1-4. 

Spirifera  alta  Hall:   Proc.   Am.   Philos.   Soc.;   Vol.   X,    1866, 

p.  246. 

— Hall:  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  248, 

pi.  43,  figs.  1-8. 
Cyrtia  alta  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII,  pt.  2, 

1893,  p.  42,  pi.  26,  figs.  1-5;  pi.  39,  figs.  37,  38. 

The  majority  of  the  specimens  collected  show  only  the  cardinal 
area  of  the  ventral  valve  with  an  occasional  one  showing  more  or  less 
of  the  ventral  surface  of  the  shell.  In  soft  shales  badly  crushed  and 
broken  specimens  of  both  valves  have  been  seen.  Ventral  valve  is 
extremely  elevated  and  subtriangular.  Hall  gave  the  height  and  width 
about  as  three  to  five.  The  specimens  represented  by  figs.  2  and  4 
have  very  nearly  this  proportion,  while  the  one  represented  by  fig. 
3  is  nearer  the  proportion  of  two  to  three.  The  hinge  area  is  very 
large,  triangular,  acute  at  point,  inclining  forward  and  on  the  best 
preserved  specimens  showing  vertical  lines  as  well  as  transverse  ones. 
Hall  described  the  area  as  ' 'strongly  striated  vertically,"  and  the  fissure 
or  delthyrium  as  "large  but  comparatively  narrow,  being  more  than 
twice  as  high  as  its  width  at  the  base."  This  is  true  of  these  specimens 
since  the  delthyrium  of  the  one  represented  by  fig.  2  is  15.3  mm.  wide 
at  its  base  and  37.6  mm.  high  and  on  the  one  represented  by  fig.  4 
it  is  16  mm.  wide  and  47  mm.  high.  The  delthyrium  is  closed  by  a 
concave,  transverse  delthyrial  plate  for  about  two-thirds  of  its  length 
from  the  apex.  The  length  of  this  delthyrial  plate  on  the  specimen 
represented  by  fig.  3  is  25  mm.  and  of  the  delthyrium  36  mm.;  on  the 
one  represented  by  fig.  2  the  plate  is  26  mm.  long  and  delthyrium  38 
mm.,  and  the  same  portions  of  the  one  shown  by  fig.  4  are  respectively 
33.5  mm.  and  48  mm.  Margins  of  delthyrium  grooved  for  the  delthyrial 
plate.  Sinus  broad,  rounded  in  bottom,  extending  entire  length  of 
valve  and  plicated,  the  ribs  frequently  indistinct  except  toward  its 
front.  An  internal  impression  of  a  ventral  valve  (fig.  1)  shows  14 
or  more  rounded  plications  on  one  side  toward  the  anterior 
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margin  of  the  shell  and  conspicuous  concentric  ridges  and  furrows. 
The  sinus  is  also  faintly  plicated  toward  the  front  and  both  the  di- 
ductor  and  adductor  muscular  scars  are  clearly  outlined.  The  front 
margin  of  the  valve  has  a  sinuate  outline  like  fig.  4  of  pi.  43,  Vol.  IV, 
Pal.,  N.  Y.  The  dimensions  of  three  specimens  are  as  follows: 

Length  of  ventral  valve    (fig.  1) 41.5  mm. 

Height  of  hinge  area  "    2 38  " 

Width  on      «        "  "2  60  "         (about) 

Height  of      "        "  "    3  37  « 

Width  on      «  «    3  52  « 

Height  of      "        «  "    4  48  a 

Width  on      «        «  "    4 76  " 

These  specimens  were  compared  with  the  Meadville  types  in  the 
New  York  State  Museum,  with  which  they  closely  agree  in  all  important 
characters,  so  that  there  is  apparently  no  question  as  to  their  specific 
identity. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Chip- 
pewa  Creek;  Madison-Thompson  road,  3  miles  south  of  Madison; 
Big  Creek. 

SyHngothyris  tcxta  (Hall)  Schuchert  var.  chemtmgensis  Gushing  n.  var. 
Plate    XXXI,    figs.     1-5. 

Spirifer  textus  Hall:  Tenth  Kept.  N.  Y.  State  Cab.  Nat.  Hist., 

1857,  p.  169. 
carteri  Meek:  Geol.   Surv.   Ohio,   Paleontology 

Vol.  2,  1875,  pi.  14,  fig.  7. 
Syringothyris  texta  Schuchert:  Ninth  Ann.  Kept.  N.  Y.  State 

Geol.,  1890,  p.  34. 

As  stated  in  another  part  of  this  bulletin  (see  pp.  439-442)  the  best 
specimens  of  this  variety  were  collected  by  the  late  Prof.  Samuel  G. 
Williams  and  later  studied  by  H.  P.  Gushing,  when  a  graduate  student 
at  Cornell  University,  under  the  direction  of  Prof.  Henry  S.  Williams. 
The  following  description  is  quoted  from  Professor  Cushing's  manuscript: 

" Specifically  it  is  very  close  to  Syringothyris  textus  Hall,  and 
to  the  form  described  by  Meek  from  Ohio  as  S.  carteri  (Pal.  Ohio, 
Vol.  II,  p.  286)  which  he  states  to  be  intermediate  between  typical 
S.  textus,  and  S.  carteri.  My  specimens  are  of  a  medium,  or  rather 
large  size,  length  about  one-half  the  width,  and  width  about  twice  the 
height  of  the  area.  Dorsal  valve  of  the  usual  shape  in  this  genus, 
mesial  fold  rather  prominent,  crossed  by  concentric  wrinkles  in  old 
shells,  and  showing  a  mesial  depression  extending  half  way  to  the  base; 
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beak  small  with  narrow  area,  and  both  strongly  incurved.  Ventral 
valve  sloping  laterally  from  the  beak  at  angles  of  from  100°  to  135°; 
mesial  sinus  rather  deep,  smooth  except  for  concentric  wrinkles  in  old 
shells,  and  projecting  beyond  the  valve  to  fit  into  a  corresponding 
sinus  in  the  dorsal  valve,  area  high,  faintly  vertically  and  transversely 
striate,  nearly  flat  or  slightly  arched  near  the  beak,  with  its  lateral  mar- 
gins rather  sharply  defined,  and  curving  slightly  to  the  hinge;  fissure 
narrow  for  this  genus,  varying  from  two-sevenths  to  one-fifth  as  wide 
as  the  hinge  line,  averaging  about  two-ninths;  width  of  fissure  about 
one-half  its  height;  closing  its  upper  part  is  a  transverse  shelly  plate, 
rather  deep  seated,  nearly  flat,  extending  from  one-fourth  to  one-half 
the  length  of  the  fissure,  and  terminating  in  a  short,  tubular  projection. 
Surface  of  both  valves  marked  by  18  to  24  (generally  20)  broad,  rounded 
plications,  on  each  side  of  the  fold  and  sinus,  crossed  by  fine  concentric 
striae,  and  occasional  concentric  lines  of  growth;  a  minute  pitting 
covers  the  entire  surface.  Mesial  septum  extends  about  three-fifths 
the  length  of  the  ventral  valve;  the  divaricator  scars  are  much  as  repre- 
sented in  Meek's  figure  (7d,  pi.  XIV,  Pal.  Ohio,  Vol.  II),  but  vary 
considerably,  the  greatest  width  often  being  nearer  the  base  of  the  scars 
than  in  that  figure,  and  the  proportions  of  length  to  breadth  varying 
considerably.  The  dental  plates  are  very  long,  but  vary  considerably, 
sometimes  nearly  enclosing  the  divaricator  scars,  sometimes  not  extend- 
ing much  over  half  their  length,  varying  from  3-5ths  to  4-5ths  the  length 
of  the  valve. 

"Professor  Hall  distinguished  S.  carteri  from  S.  textus,  as  having  a 
smaller,  less  elevated,  and  more  arcuate  area,  beak  more  arched,  and 
lateral  slopes  of  area  less  angular — 10th  Rept.  State  Cab.  Nat.  Hist. 
N.  Y.,  p.  170.  My  specimens  show  considerable  variation  in  all  these 
respects,  the  lateral  slopes  of  the  area  make  angles  of  from  100°  to  135°, 
the  more  common  angles  being  115°  to  125°,  the  area  is  in  general 
flatter  and  more  elevated  than  in  S.  carteri,  but  there  is  some  variation 
in  the  first  respect,  and  much  in  the  latter.  The  form  is  intermediate 
between  the  two,  most  nearly  approaching  S.  textus,  and  with  extreme 
forms  approaching  both  species.  It  seems  to  differ  from  all  others 
in  its  narrow  fissure,  one-half  as  broad  as  high  and  from  one-fifth  to 
one-fourth  as  broad  as  the  hinge  line,  but  extreme  forms  connect  it 
with  S.  textus  in  this  respect.  The  slight  development  of  the  tube,  and 
the  length  of  the  transverse  plate  in  the  fissure  distinguish  it  from 
S.  typa  and  S.  halli  of  Winchell.  The  generic  characters  are  presented 
in  a  not  fully  developed  condition.  I  regard  it  as  a  variety  of  S.  textus, 
distinguished  by  its  narrow  fissure,  small  tube,  and  faintly  striate  area, 
and  have  called  it  var.  chemungensis.  I  believe  it  to  be  referable  to 
S.  cuspidatus  Martin,  but  have  not  figures  and  descriptions  at  hand  for 
comparison." 

Some  of  the  better  preserved  specimens  from  Professor  Gushing 
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clearly  show  the  punctate  structure  of  the  shell,  the  pores  of  which  are 
minute  and  distant,  similar  to  those  of  fig.  12,  pi.  27,  pt.  2,  Vol.  VIII, 
Pal.  N.  Y.  Internal  impressions  collected  by  the  writer  show  the  rather 
large  tubular  opening  of  the  delthyrial  plate  similar  -to  figs.  13  and  17 
of  the  plate  just  mentioned.  Specimens  were  examined  by  Dr.  Kindle, 
Professor  Weller  and  Dr.  John  M.  Clarke,  all  of  whom  agreed  that 
they  belong  to  Syringothyris,  so  that  there  appears  to  be  no  question  con- 
cerning the  accuracy  of  this  generic  identification. 

Horizon  and  Locality. — Upper  part  of  the  Chagrin  formation, 
perhaps  200  feet  below  its  top.  Mill  Creek,  1  mile  north  of  Jefferson. 

Ambocoelia  ttmbonata  (Con.)  Hall  var.  gregaria  Hall. 
Plate    XXXI,    figs.    6-9. 

Orthis  umbonata  Conrad:  Jour.  Acad.  Nat.  ScL,  Philadelphia, 
Vol.  VIII,  1842,  p.  264,  pi.  14,  fig.  4. 

Ambocoelia  umbonata  Hall:  Thirteenth  Kept.  N.  Y.  State  Cab. 
Nat.  Hist.,  1860,  p.  71. 

-  Hall:  Pal.  N.  Y.  Vol.  IV,  1867,  p.  259, 
pi.  44,  figs.  7-18. 
-   Orthis  unguiculus  Hall  (non  Phillips) :  Geol.  N.  Y.,  Kept.  Fourth 

Dist.,  1843,  p.  267,  fig.  5. 

Ambocoelia  gregaria  Hall:   Thirteenth  Kept.  N.  Y.  State  Cab. 
Nat.  Hist.,  1860,  p.  81. 

umbonata  var.  gregaria  Hall:  Pal.  N.  Y.,  Vol.  IV, 

1867,  p.  261,  pi.  44,  figs.  19-25. 

Shell  small  and  plano-convex.  Ventral  valve  convex  with  high 
and  incurved  umbo  and  rather  deep  median  sinus  which  is  angular 
in  the  bottom,  extending  from  the  umbo  to  the  front.  Dorsal  valve 
semielliptical,  depressed  convex,  umbo  scarcely  elevated  above  the 
hinge  line,  with  a  distinct  median  sinus  extending  from  the  umbo  to 
the  front.  Surface  marked  by  fine  radiating  and  concentric  lines, 
the  latter  the  more  conspicuous  and  somewhat  lamellose  toward  the 
front  of  the  shell  as  seen  on  the  dorsal  valve.  Length  of  ventral  valve 
5  mm.,  width  5  mm.,  length  of  dorsal  valve  4  mm.,  width  5  mm. 

Specimens  compared  with  a  type  in  the  New  York  State  Museum 
and  there  is  apparently  no  doubt  concerning  their  identity.  The 
very  distinct  median  sinus  of  the  dorsal  valve,  while  there  is  none  on 
this  valve  of  Ambocoelia  umbonata,  seems  to  refer  it  at  once  to  the 
variety  gregaria.  Some  authors  consider  it  a  distinct  species  instead 
of  variety,  as  for  example  Professors  Williams1  and  Schuchert.2 

ifiull.  U.  S.  Geol.  Survey,  No.  210,  1903,  pp.  83,  86. 
'Ibid.,  No.  87,  p.  140. 
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Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  On 
road  2  miles  east  of  Trumbull  Center;  Brandy  wine  Creek;  Cherry 
Valley  Township. 

Athyris  polita  Hall. 

Plate  XXXI,  figs.  10,  11. 

Atrypa  polita  Hall:  Geol.  N.  Y.,  Kept.  Fourth  Dist.,   1843, 

Tables  of  Organic  Remains  No.  66,  fig.  5. 
Athyris?  polita  Hall:  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  293,  pi.  47, 

figs.  21-33. 
Athyris  polita  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII,  pt.  2, 

1895,  pi.  46,  figs.  1-5. 

Shell  ovate,  more  gibbous  in  the  anterior  part.  Ventral  valve 
slightly  more  gibbous  than  the  dorsal,  the  greatest  gibbosity  above 
the  middle;  an  undefined  sinus  begins  about  one-third  the  length  from 
the  umbo,  which  expands  and  becomes  deeper  toward  the  front.  On 
one  specimen  with  a  length  of  16.5  mm.  the  sinus  begins  at  about  6  mm. 
from  the  apex.  The  umbo  closely  incurved  over  the  one  of  the  op- 
posite valve.  Dorsal  valve  with  greatest  gibbosity  a  little  above  the 
middle  and  curving  abruptly  to  the  beak  and  lateral  margins.  A  broad 
and  undefined  mesial  fold  marks  the  anterior  third  of  the  valve.  Sur- 
face of  well  preserved  specimens  marked  by  fine  close  concentric  lines 
and  occasional  heavy  furrows  and  ridges,  as  well  as  rather  indistinct 
radiating  lines.  Two  average  ventral  valves  have  a  respective  length 
of  16.5  mm.  and  16.4  mm.  with  a  width  of  15  mm.  and  15.4  mm.  Two 
dorsal  valves  are  16.4  mm.  and  16.5  mm.  long,  and  15.4  mm.  and  16.3 
mm.  wide.  A  ventral  valve  of  a  small  specimen  is  11.4  mm.  long  and 
9.3  mm.  wide,  while  a  dorsal  valve  of  a  similar  one  is  9.3  mm.  long 
and  9  mm.  wide. 

Specimens  were  compared  with  types  of  this  species  in  the  New 
York  State  Museum,  with  which  they  agree  closely. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Chip- 
pewa  Creek;  Trumbull  Creek,  one-fourth  mile  south  of  Trumbull  Center; 
Cherry  Valley  Township;  road  2  miles  east  of  Trumbull  Center;  Brandy- 
wine  Creek. 

Chonetes  minutas  n*  sp* 

Plate  XXXII,  figs.  1-5. 

Shell  small,  wider  than  long,  hinge-line  equaling  its  greatest  width. 
Ventral  valve  moderately  gibbous  in  the  middle  and  flattened  toward 
the  cardinal  an,gles.  Surface  marked  by  fine,  close,  usually  equal  radiat- 
ing lines,  varying  from  24  to  36  on  a  valve  and  very  fine,  thread-like, 
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close,  concentric  ones.  At  least  three  long,  slender  spines  on  each 
side  of  the  umbo  originate  on  the  cardinal  margin  and  bend  outwards. 
Three  specimens  of  average  size  were  measured  which  have  the  following 
dimensions,  commencing  with  the  smallest: 

Length  2.2mm.,        2.8mm.,    3.4mm. 

Width 3.2     «  ,        3.8  «      ,    3.8  " 

This  species*  resembles  somewhat  the  figures  of  small  forms  of  C. 
sdtulus  Hall  as  figs.  7  and  8  of  pi.  22,  Vol.  4,  Palaeontology  of  New  York. 
The  type  specimens  represented  by  these  figures,  however,  were  borrowed 
and  on  comparison  it  was  evident  that  the  Ohio  forms  are  decidedly 
smaller  and  quite  different  in  some  other  characters.  The  original 
of  fig.  7  is  in  the  New  York  State  Museum  and  came  from  the  Chemung 
at  Conewango,  N.  Y.  Its  length  is  4.8  mm.  and  width  7.5  mm.  Two 
diverging  spines  are  shown  near  the  cardinal  angles  and  a  third  one 
nearer  the  umbo;  but  they  are  not  so  long  and  slender  as  on  the  Ohio 
specimens.  About  15  strong  lines  are  shown  on  a  side,  which  fail 
before  reaching  the  ears,  and  are  separated  by  spaces  two  or  three 
times  their  width,  in  which  are  occasional  rather  inconspicuous  lines. 
These  lines  are  different  from  the  close,  equal  ones  of  the  Ohio  speci- 
mens. The  original  of  fig.  8  is  in  the  American  Museum  of  Natural 
History  and  came  from  the  Chemung  of  Tioga  County,  Pa.  Its  length 
is  6.6  mm.  and  width  10.4  mm.,  so  that  it  is  twice  the  size  of  any  of  the 
Ohio  specimens.  There  are  25  or  26  lines  on  the  left  half  of  the  valve, 
which  is  a  ventral  one,  while  the  Ohio  ones  have  only  from  12  to  18 
lines  on  a  side,  which  are  decidedly  smaller  than  those  of  the  Pennsyl- 
vania type  specimen.  In  size  this  species  resembles  somewhat  C. 
lepidus  Hall,  but  differs  in  not  having  two  strong  lines  on  the  medium 
part  of  the  ventral  valve  outlining  a  sinus. 

Horizon  and  Locality. — Chagrin  formation.  Run  2  miles  south 
of  Monroe  Center,  Ashtabula  County. 

Chonetes  scitulus  HalL 
Plate    XXXII,    fig.    6. 

Chonetes  scitula  Hall:  Tenth  Kept.  N.  Y.  State  Cab.  Nat.  Hist., 
1857,  p.  147. 

Hall:  Pal.  N.  Y.,  Vol.  IV,  1867,  pp.  130, 

141,  pi.  21,  figs.  4a-f. 

sdtulus  Beecher:   Am.  Jour.  Sci.,  3d.  ser.,  Vol.  41, 


1891,  p.  357,  pi.  17,  fig.  14. 

scitula  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII,  pt. 


1,  1892,  pi.  16,  figs.  (?)  3,  4,  27,  32,  40,  44. 
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Shell  rather  small,  wider  than  long,  the  hinge-line  sometimes 
not  equaling  the  greatest  width.  Ventral  valve  moderately  gibbous 
in  the  middle,  regularly  curving  to  the  front  and  lateral  margins,  and 
abruptly  depressed  toward  the  cardinal  angles,  which  are  nearly  flat. 
Hinge  area  narrow  and  wider  in  the  middle.  Dorsal  valve  concave; 
but  the  concavity  less  than  the  convexity  of  the  ventral  valve,  the  car- 
dinal angles  flat  and  the  hinge  area  linear.  Surface  marked  by  fine, 
subequal  lines  with  15  or  more  near  the  beak,  while  from  bifurcation  and 
intercalation  50  or  more  are  on  the  margin.  The  cardinal  margin  of 
the  ventral  valve  has  2  or  3  spines  on  each  side  toward  the  extremities 
and  as  many  more  toward  the  beak. 

The  ventral  valve  figured  has  14  lines  near  the  beak  and  about  50 
on  the  margin.  There  are  3  rather  long  and  slender  spines  toward  the 
end  of  the  cardinal  margin  on  the  right  side  and  2  near  its  end  on  the 
opposite  side  with  the  base  of  a  third  one.  The  length  of  the  valve 
is  4.3  mm.  and  its  width  6.9.  It  was  compared  with  two  type  specimens 
of  the  smaller  form  of  this  species.  The  original  of  fig.  7,  pi.  22, 
Vol.  IV,  Pal.  N.  Y.,  from  the  Chemung  of  Conewango,  New  York,  is 
4.8  mm.  long  and  7.5  mm.  wide,  and  the  original  of  fig.  8  of  the  same 
plate  from  the  Chemung  of  Tioga  County,  Pa.,  is  6.6  mm.  long  and  10.4 
mm.  wide.  It  will  be  seen  that  the  Ohio  specimen  is  only  slightly 
smaller  than  the  type  represented  by  fig.  7,  Pal.  N.  Y.,  and  its  surface 
markings  agree  better  with  the  description  of  this  species,  since  it  has 
about  50  lines  on  the  margin  while  the  type  has  only  about  30.  The 
original  of  fig.  8  has  50  to  52  lines,  and  Hall's  description  calls  for  50 
to  60  on  the  margin. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Tinkers 
Creek  at  Bedford. 

Strophalosia  muricata  (Hall)  Beecher. 
Plate  XXXII,  figs.  10,  11,(?)  12,(?)  13. 

Chonetes  muricata  Hall:  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  143,  pi.  22, 

figs.  29-43. 
Strophalosia  f  muricata  Beecher:    Am.  Jour.  Sci.,  3d  ser.,  Vol. 

XL,  1890,  p.  241. 
Strophalosia  muricata  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII, 

pt.  1,  1892,  p.  316,  pi.  16,  figs.  12,  16,  30,  38,  42. 

Shell  semielliptical,  concavo-convex,  hinge-line  generally  less 
than  the  greatest  width  of  the  shell  with  the  cardinal  angles  rounded. 
Ventral  valve  moderately  and  regularly  convex,  somewhat  flattened 
toward  the  cardinal  angles  and  the  front  broadly  rounded.  The  umbo 
generally  truncated.  Surface  concentrically  striated,  with  wrinkles 
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on  the  cardinal  margins  which  become  more  or  less  obsolete  on  the  body 
of  the  shell.  Frequently  4  to  6  spines  on  the  hinge-line  on  each  side 
of  the  umbo  and  also  on  the  folds  on  the  cardinal  margins.  The  spines 
are  less  abundant  on  the  central  part  of  the  valve;  but  toward  the  front 
and  lateral  margins  are  a  large  number  of  slender  ones.  Dorsal  valve 
moderately  or  deeply  concave  and  following  the  contour  of  the  op- 
posite one.  The  dorsal  surface  is  indented  by  fossets  which  produce 
pustules  on  the  inner  surface  of  the  valve;  but  spines  are  not  shown  on 
specimens  examined.  The  dimensions  of  the  four  figured  specimens 
are  as  follows: 

Fig.  10  Fig.  11  Fig.  12  Fig.  13 

Length 14      mm.,  18.4   mm.,  18      mm.,  19.5   mm. 

Width 18.8     "     ,  23.5     «     ,  20.5     "     ,  27.5     «    . 

This  species  was  described  by  Hall  as  a  Chonetes;  but  the  spines 
on  the  surface  of  the  shell  separate  it  from  that  genus  which  has  spines 
only  on  the  hinge  line.  Some  of  the  specimens  have  some  resemblance 
to  Productella]  but  the  truncated  umbo  of  at  least  part  of  the  speci- 
mens has  led  to  its  reference  to  the  genus  Strophalosia. 

The  specimens  figured  are  all  internal  impressions  of  ventral  valves 
and  resemble  some  figures  of  Hall's  Chonetes  muricata,  especially  fig. 
34,  pi.  22,  Vol.  IV,  Pal.  N.  Y.,  and  fig.  12,  pi.  16,  pt.  1,  Vol.  VIII  of  the 
same  work.  The  shells  of  this  genus  are  described  as  attached  by  the 
umbo  of  the  ventral  valve  which  is  often  truncated  or  at  least  marked 
by  a  cicatrix  or  scar  of  attachment.  Hall's  original  figures,  however, 
show  two  ventral  valves  side  by  side,  one  (fig.  35)  with  a  truncated  beak 
and  the  other  (fig.  34)  without  any  truncation  or  cicatrix.  This  differ- 
ence led  one  paleontologist  to  remark  that  Hall  had  apparently  in- 
cluded two  different  forms  in  his  figures  of  Chonetes  muricata.  The 
same  difference,  however,  is  to  be  found  in  Hall  and  Clarke's  great  work 
on  the  Genera  of  the  Palaeozoic  Brachiopoda  where  on  pi.  16,  pt.  1, 
Vol.  VIII,  Pal.  N.  Y.,  1892,  fig.  12  shows  a  ventral  valve  of  Stropha- 
losia muricata  without  any  indication  of  a  cicatrix,  while  fig.  16  gives 
"two  views  of  a  pedicle-valve;  showing  the  cicatrix  of  attachment." 
This  appears  to  indicate  that  these  two  authors  did  not  consider  the 
presence  of  a  cicatrix  or  truncation  of  the  umbo  as  absolutely  necessary 
in  order  to  refer  a  ventral  valve  to  this  genus.  Dr.  Ruedemann  stated 
that  the  shells  of  Strophalosia  are  not  attached  during  their  entire  life; 
but  become  so  toward  the  adult  stage  so  there  may  be  younger  speci- 
mens without  either  a  truncation  or  cicatrix.  The  figures,  however,  of 
the  specimens  without  a  cicatrix  in  the  Palaeontology  of  New  York 
apparently  represent  adult  forms.  The  type  specimen  represented  by 
fig.  34,  pi.  22,  Vol.  IV,  Pal.  N.  Y.,  was  studied  in  the  New  York  State 
Museum.  It  is  an  internal  impression  of  a  ventral  valve  showing  bases 
of  spines  on  hinge  line  together  with  some  on  the  left  side,  apparently 
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a  little  below  it.  The  spines  do  not  look  so  much  like  those  of  a  Cho- 
netes  as  shown  in  the  figure.  There  are  small  pits  on  the  rest  of  the 
surface,  but  no  spines. 

The  specimens  figured  were  sent  to  Professor  Grabau,  who  has  written 
as  follows  concerning  them:  "As  to  the  identification  of  the  speci- 
mens as  Chonetes  (Strophalosia)  muricata  I  should  agree  for  the  one 
marked  115  [which  is  from  the  stream  in  the  northwest  corner  of  Monroe 
Township,  Ashtabula  County,  and  is  represented  by  fig.  10].  The 
others  may  be  the  *same,  but  they  appear  to  be  larger,  and  do  not  show 
the  indications  of  surface  spines.  However,  that  is  the  nearest  that 
can  be  done,  I  think."  The  specimen  from  Crooked  Creek,  Hartsgrove 
Township,  Ashtabula  County,  represented  by  fig.  11,  closely  resembled 
specimens  of  this  species  in  the  Museum  of  Cornell  University  in  which 
identification  Professor  Williams  concurred  (see  p.  298.)  The  speci- 
mens, therefore,  represented  by  figs.  10  and  11  are  referred  to  Stropha- 
losia muricata  and  those  represented  by  figures  12  and  13  to  the  same 
species  with  a  (?)  mark. 

Horizon  and  Locality. — Chagrin  formation.  Upper  part  of  forma- 
tion on  Crooked  Creek,  Hartsgrove  Township;  West  Branch  Ashtabula 
Creek,  west  of  Richmond  Center  (?) ;  eastern  part  Richmond  Township, 
on  tributary  of  East  Branch  Ashtabula  Creek  (?);  south  of  Pennline, 
Pa.;  Mill  Creek,  western  part  Dorset  Township;  West  Branch  Ashtabula 
Creek,  north  of  Gould;  northwest  corner  Monroe  Township. 

Camarotoechia  contracta  Hall. 
Plate  XXXII,  figs.  14-20. 

Atrypa  contracta  Hall:  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843, 
Tables  of  Organic  Remains  No.  66,  figs.  2,  3. 

Rhynchonella  (Stenocisma)  contracta  Hall:  Pal.  N.  Y.,  Vol.  IV, 
1867,  p.  351,  pi.  55,  figs.  26-39. 

Camarotoechia  contracta  Hall  and  Clarke:  Pal.  N.  Y.,  Vol.  VIII, 
pt.  2,  1893,  p.  192,  pi.  57,  figs.  28-32,  49. 

Shell  always  wider  than  long,  abruptly  and  deeply  sinuate  on 
the  anterior  margin.  Ventral  valve  prominent  on  the  umbo,  with 
beak  incurved  and  closely  appressed  against  that  of  the  dorsal  valve, 
gently  declining  to  the  lateral  margins.  The  sinus  becomes  conspicuous 
near  the  center,  where  the  shell  is  abruptly  depressed  into  a  broad  and 
deep  one,  with  sloping  sides  free  from  plications;  extremely  produced 
in  front  with  a  broad  linguiform  extension  which  fills  a  corresponding 
depression  in  the  front  of  the  dorsal  valve.  Dorsal  valve  rather  gibbous 
in  the  middle,  the  mesial  fold  becoming  prominent  a  little  above  the 
middle.  Surface  of  each  valve  marked  by  from  14  to  17  angular  pli- 
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cations  on  the  Ohio  specimens,  of  which  3  are  usually  depressed  in 
the  mesial  sinus  and  4  occur  on  the  mesial  fold.  The  4  plications  of 
the  fold  apparently  originate  as  2  near  the  umbo,  which  later  divide, 
and  usually  toward  the  front  the  two  central  ones  are  stronger  than  the 
lateral  ones.  The  dimensions  of  five  of  the  figured  specimens  are  as 
follows : 

Length 9     mm.,  11.3mm.,  12     mm.,  13     mm.,  14.6   mm. 

Width 9.5  "    ,  14.5     «    ,  15.5     "    ,  15.3    "    ,  17.6     "    , 

This  species  is  distinguished  by  its  shape  (greater  width  than  length), 
size,  angular  plications,  deep  sinus  marked  with  3,  and  conspicuous 
fold  with  4  plications. 

Horizon  and  Locality. — Chagrin  formation.  Chippewa  Creek; 
Tinkers  Creek  at  Bedford;  West  of  Richmond  Center  on  branch  of 
West  Branch  Ashtabula  Creek;  on  tributary  of  East  Branch  Ash- 
tabula  Creek,  eastern  part  of  Richmond  Township;  in  Rock  Creek  at 
Rock  Creek;  Mill  Creek,  2  miles  north  of  Jefferson;  West  Branch 
Ashtabula  Creek  at  first  highway  crossing  north  of  Gould;  stream  in 
northwest  corner  of  Pierpont  Township;  stream  in  northwest  corner 
of  Monroe  Township;  stream  2  miles  south  of  Monroe  Center. 

Liorhynchtts  clarkei  n.  sp. 
Plate  XXXII,  figs.  21-23;  Plate  XXXIII,  figs.  1-4. 

Shell  generally  wider  than  long  and  both  valves  varying  from 
convex  to  gibbous.  Mesial  fold  and  sinus  usually  clearly  indicated 
and  marked  by  from  5  to  7  rounded,  medium  sized  plications,  which  ex- 
tend from  the  anterior  margin  well  toward  the  beak,  usually  bifurcating 
as  it  is  approached.  Generally  on  each  side  from  4  to  8  plications 
and  on  some  specimens  rather  indistinct  ones  extend  nearly  if  not 
quite  to  the  lateral  margins.  The  dimensions  of  six  of  the  figured 
specimens  are  as  follows: 

Length  26  mm.,    23.6  mm.,  24      mm.,  24.3  mm.,    20.3  mm.,  24.5  mm. 
Width    25      "   ,    28.2       •'   ,  29.2    "     ,23        "    ,    23.5     "    ,  32.5    "    . 

This  species  in  form  and  size  resembles  considerably  L.  mesicostale 
Hall;  but  differs  from  it  in  the  conspicuous  plications  on  the  lateral 
margins,  which  in  that  species  are  smooth  or  obscurely  marked  by  low 
obsolete  folds.  It  also  differs  from  L.  newberryi  Hall,  which  is  a  larger 
species  and  marked  by  a  much  larger  number  of  rather  finer  and  more 
angular  plications. 

Specimens  were  submitted  to  Dr.  John  M.  Clarke,  who  wrote  as 
follows:  "I  have  examined  the  brachiopods  you  have  sent  in  and  it 

36— G.  B.  15. 
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seems  to  me  that  you  would  go  amiss  in  regarding  this  as  either  Lio- 
rhynchus  newberryi  or  L.  mesacostalis.  The  species  looks  from  the  number 
of  individuals  scattered  through  the  specimen  to  be  very  abundant, 
and  if  all  the  individuals  hold  such  characters  as  are  here  presented, 
both  as  to  size  and  in  respect  to  plication,  I  should  think  you  would 
be  quite  safe  in  regarding  the  species  as  new."i  The  specific  name 
is  given  in  honor  of  Dr.  Clarke,  the  distinguished  State  Geologist  and 
Paleontologist  of  New  York. 

Horizon  and  Locality. — Chagrin  formation.  Mill  Creek  2  miles 
north  of  Jefferson  and  below  the  railroad  bridge. 

Liorhynchus  ashtabulense  n.  sp. 
Plate  XXXIII,  figs.  5-8. 

Shell  wider  than  long.  Ventral  valve  convex  and  beak  rather 
prominent.  Mesial  sinus  clearly  outlined  by  a  larger  and  more  conspic- 
uous plication  on  each  side  and  containing  2  or  3  rather  large,  rounded 
plications  which  increase  in  strength  toward  the  anterior  margin.  Each 
side  marked  by  2  or  3  rather  indistinct  plications  which  decrease 
in  strength  from  the  sinus  toward  the  lateral  margins,  which  are  rather 
smooth.  Dorsal  valve  not  seen.  The  dimensions  of  the  four  figured 
specimens,  commencing  with  the  smallest,  are  as  follows: 

Length  18      mm.,    20      mm.,    20.3  mm.,    21.8  mm. 

Width... -_-  18.8     "     ,    22.4     «     ,    23.9     «     ,    22.6     «   . 

This  species  differs  from  Liorhynchus  mesicostale  Hall  in  having 
a  smaller  number  of  larger  plications  in  the  mesial  sinus,  while  the  sides 
show  more  distinct  ones.  It  differs  from  L.  clarkei  in  the  smaller 
number  of  broader  plications  in  the  sinus,  while  in  general  they  are  less 
conspicuous  on  the  sides  which  are  more  nearly  smooth.  Finally,  it 
differs  from  L.  ohioense  in  its  much  greater  convexity,  strongly  outlined 
mesial  sinus  and  more  conspicuous  as  well  as  angular  plications. 

Horizon  and  Locality. — Chagrin  formation.  Run  two  miles  south 
of  Monroe  Center. 

Liorhynchus  newberryi  Hall. 
Plate  XXXIII,  figs.  9, 10. 

Leiorhynchus  newberryi  Hall:  Twenty-third  Ann.  Rept.  State 

Cab.  Nat.  Hist.,  [N.  YJ  1873,  p.  240,  pi.  11,  figs.  25-27. 
Shell  large  and  ventricose  with  a  slight  mesial  depression  on  the 
ventral   valve   and   corresponding   elevation   on   the   dorsal.     Surface 

1Letter  of  June  12/1912. 
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marked  by  numerous,  subangular,  bifurcating  plications  which  are  strong- 
est on  the  medisal  fold  and  sinus,  but  extend  well  toward  the  lateral 
margins.  The  specimens  studied  have  7  or  8  plications  on  the  fold 
and  8  or  9  in  the  sinus.  Professor  Hall  stated  that  "the  number  of 
plications  varies  in  different  individuals;  some  specimens  have  only 
about  three  in  the  space  of  a  fourth  of  an  inch,  on  the  middle  of  the  shell; 
while  others  have  from  six  to  eight."  The  number  of  plications  in 
that  distance  on  the  middle  of  the  shell  varies  on  the  specimens  studied 
from  4  to  8.  Specimens  on  which  the  shell  is  preserved  show  fine,  closely 
arranged  concentric  lines,  especially  toward  the  anterior  margin.  The 
larger  specimen  figured  is  34.5  mm.  long  and  about  32.7  mm.  wide. 

This  species  differs  from  the  others  in  its  greater  gibbosity,  larger 
number  of  plications  extending  almost  if  not  quite  to  the  lateral  margins, 
and  generally  larger  size. 

Horizon  and  Locality. — Chagrin  formation.  Run  two  miles  south 
of  Monroe  Center;  loose  in  Mill  Creek  at  Eagleville. 

Productella  htrsuta  Hall. 
Plate  XXXII,  figs.  7-9. 

Strophomena   membranacea  Vanuxem   (non  von  Buch):   Geol. 

N.  Y.  Kept.  Third  Dist.,  1842,  p.  181,  figs.  4,  5  on  p.  179. 
Produdus  Ursula  Hall:  Tenth  Rept.  N.  Y.  State  Cab.  Nat. 

Hist.,  1875,  p.  175,  figs.  1-3. 
Produdella  Ursula  Hall:  Pal.  N.  Y.,  Vol.  IV,  1867,  p.  166,  pi. 

24,  figs.  17-29. 

-  Hall  and  Clarke:  Pal.  N.  Y.,  Vol. 

VIII,  pt.  1,  1892,  pi.  17,  figs.  28,  39,  45. 

Shell  of  medium  size,  semielliptical,  concavo-convex;  hinge-line  equal- 
ing or  a  little  less  than  the  width  of  the  shell.  Length  of  shell  varying  from 
less  than  the  width  to  equal  to  it.  Ventral  valve  convex  in  the  middle, 
gibbous  on  the  umbo,  gradually  curving  to  the  front  and  lower  lateral 
margins,  and  abruptly  depressed  toward  the  cardinal  lateral  margins, 
which  are  nearly  flat  and  auriculate.  Dorsal  valve  moderately  concave, 
and  flattened  toward  the  cardinal  extremities.  Surface  marked  by  fine, 
imbricating  concentric  lines.  On  the  ventral  valve  a  row  of  rather  long, 
diverging,  nearly  straight  spines  on  each  side  on  or  just  below  the  hinge- 
line,  and  nearly  the  entire  surface  covered  by  numerous  slender,  long 
spines,  the  bases  of  which  form  small  elongated  pustules  on  the  surface. 

The  three  Ohio  specimens  figured ,  which  are  from  Tinkers  Creek  at 
Bedford,  have  the  following  measurements: 

Fig.  7  Fig.  8  Fig.  9 

Ventral  valve         Dorsal  valve        Dorsal  valve 

Length  _ ___  12.5  mm.,          12    mm.,        12    mm. 

Width .  15.5    «  16.5    •'  --.        19       «  . 
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In  these  specimens  it  will  be  seen  that  the  length  is  less  than  the 
width  of  the  shell.  Professor  Hall  gave  the  "length  and  breadth  about 
as  8  to  10  or  12,  or  as  9  to  11,  and,  from  natural  or  accidental  causes, 
varying  to  length  and  breadth  equal."  It  will  be  seen  that  the  ventral 
valve,  fig.  7,  has  nearly  the  proportion  of  4  to  5,  which  is  the  same  as 
Hall's  8  to  10.  The  dorsal  valve,  fig.  9,  has  nearly  the  proportion  of 
2  to  3,  which  is  the  same  as  HalPs  8  to  12;  but  the  impression  of  a  dorsal 
valve,  fig.  8,  has  nearly  that  of  3  to  4.  The  spines  of  the  ventral  valves 
are  long,  slender  and  somewhat  wavy  and  well  shown  in  the  rock  adja- 
cent to  the  dorsal  valve  shown  in  figure  9.  Dr.  Ruedemann  examined 
the  specimens  and  thought  that  most  of  the  spines  near  the  hinge-margin 
looked  like  hinge  spines,  although  one  apparently  came  up  from  below. 
He  thought  the  wavy  appearance  indicated  that  they  were  not  as  stiff 
as  spines  usually  are  and  suggested  that  they  might  be  bristles. 

Professor  Schuchert  saw  the  Bedford  specimens  and  first  suggested 
to  the  writer  that  they  belonged  to  the  genus  Productella  and  were  like  the 
species  hirsuta.  The  types  of  this  species  are  in  the  American  Museum  and 
the  Bedford  specimens  were  later  sent  to  Professor  Grabau,  who  kindly 
compared  them  with  the  types  and  wrote  as  follows:  "The  specimens 
labeled  122  [from  Tinkers  Creek  at  Bedford]  I  should  refer  to  Produc- 
tella hirsuta,  though  they  are  more  regular  and  show  the  spines  much 
better  than  the  type  specimens." 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Tinkers 
Creek  at  Bedford;  Chippewa  Creek. 

Productefla  hirstita  Hall  van  rectispina  Hall. 
Plate  XXXIII,  figs.  11-13. 

Productella  hirsuta  var.  rectispina  Hall:  Pal.  N.  Y.,  Vol.  IV, 
1867,  p.  168,  pi.  24,  figs.  30-37. 

Hall  and  Clarke:  Pal.  N.  Y., 

Vol.  VIII,  pt.  1,  1892,  pi.  17,  fig.  37. 

Shell  generally  large,  semielliptical,  concavo-convex,  and  unequal 
or  distorted  on  each  side  of  the  umbo.  The  length  of  hinge-line  in  pro- 
portion to  width  of  shell  and  shape  of  the  ventral  and  dorsal  valves  of 
this  variety  are  similar  to  those  of  the  species,  which  have  been  given 
in  the  preceding  description.  Surface  marked  by  concentric  wrinkles 
which  are  prominent  toward  the  front  and  are  especially  conspicuous 
on  and  near  the  cardinal  margins.  Also  the  entire  surface,  except  occa- 
sionally the  umbo  and  more  prominent  portions  of  the  valve,  covered  by 
numerous  slender  spines,  the  bases  of  which  form  small  elongated  pus- 
tules on  the  surface. 

The  Ohio  specimens  figured  have  the  following  measurements: 
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Length  .                     ..  31.2  mm.,  34.8  mm.,  35.4  mm. 

Width 44.5     «     ,  46.2     «     ,  44.       «. 

Professor  Hall  stated  that  Productella  hirsuta  has  a  "length  and 
breadth  about  as  8  to  10  or  12,  or  as  9  to  11,  and,  from  natural  or  acci- 
dental causes,  varying  to  length  and  breadth  equal."  The  proportion 
of  length  to  width  in  the  first  two  Ohio  specimens  is  about  8  to  11,  and 
in  the  third  one  nearly  9  to  11,  so  that  in  this  character  there  is  close 
agreement.  The  Ohio  figured  specimens  were  compared  with  the 
types  of  this  variety  represented  by  figs.  31-35,  pi.  24,  Vol.  IV, 
Pal.  N.  Y.,  which  are  in  the  American  Museum,  and  they  agree  rather 
closely  in  the  size  and  character  of  the  small  spines.  The  spines  are 
probably  a  little  coarser  on  most  of  the  New  York  specimens,  but  the 
original  of  fig.  32  agrees  closely  with  some  of  those  from  Ohio. 
The  New  York  types  are  rather  wider  in  proportion  to  their  length 
than  the  Ohio  ones;  but  a  specimen  from  Meadville,  Pa.,  identified  by 
Hall,  is  almost  a  counterpart  in  size  and  shape  of  some  of  the  Ohio 
specimens.  The  generally  larger  size  and  distortion  or  inequality  on 
each  side  of  the  umbo,  together  with  the  concentric  wrinkles  serve  to 
separate  this  variety  from  the  species. 

Horizon  and  Locality. — Upper  part  of  Chagrin  formation.  Brandy- 
wine  Creek  below  the  fall. 
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Figs.  1-6.     Dalmanella  tioga  (Hall)  Wms.  var.  elmira  Wms 530 

1,  2.  Ventral  (pedicle)  and  dorsal  (brachial)  valves  of  a  large 
specimen,  showing  fine  radiating  lines  and  striae 
and  some  concentric  lines  of  growth. 

3,  4  and  5,  6.     Ventral  and  dorsal  valves  respectively  of  medium  sized 
specimens. 
All  from  Chippewa  Creek. 

Figs.  7,  8.     Camarotcechia  orbicularis  Hall  and  Clarke 532 

7.  Dorsal  valve  with  4  plications  on  the  fold  and  8  on  each 

side. 

8.  Internal  impressions  of  ventral  valve  which  is  some- 

what broken  toward  the  beak.     It  shows  3  plica- 
tions in  the  sinus  and  6  or  7  on  each  side. 
Both  from  Madison-Thompson  road,  3  miles  south 
of  Madison. 

Figs.  9-13.    Liorhynchus  ohioense  n.  sp.  532 

9.  Dorsal  valve  with  4  plications  on  fold  and  2  more  indis- 

tinct ones  on  each  side. 
North  of  Gates  Mill. 

10.  Dorsal  valve  with  3  plications  on  the  fold  and  4  or  5 

rather  indistinct  ones  on  the  lateral  margins. 
Trumbull  Creek. 

11.  Ventral  (?)  valve  with  3  plications  in  the  sinus  (?),  or 

two  may  be  considered  as  outlining  the  sinus  with 
one  in  it.  The  figure  shows  a  fourth  one  on  the 
right  margin  too  strongly. 

12.  Ventral  valve  with  4  prominent  median  plications,  of 

which  two  outline  the  sinus  with  two  in  it,  or  per- 
haps all  four  may  be  referred  to  the  sinus.  The 
specimens  of  figs.  11  and  12  from  north  of  Gates 
Mill. 

13.  Dorsal  valve  with  4  plications  on  fold  and  rather  strong 

ones  on  each  lateral  margin.  Trumbull  Creek, 
one-fourth  mile  south  of  Trumbull  Center.  The 
specimens  from  Trumbull  Creek  have  more  con- 
spicuous lateral  plications  than  those  from  north  of 
Gates  Mill. 

Figs.  14,  15.    Liorhynchus  globuliforme  Van.  var.  chagrinanum  n.  var 533 

14.  Internal  impression  of  ventral  valve  with  3  plications 

in  sinus. 

15.  Internal  impression  of  dorsal  valve  of  same  specimen 

showing  4  plications  on  fold  and  median  septum. 
Specimen  somewhat  crushed  laterally.  Madison- 
Thompson  road,  3  miles  south  of  Madison. 
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Figs.  1,  2.    Liorhynchus  globuliforme  Van.  var.  chagrinanum  n.  var 533 

1.  Internal  impression  of  ventral  valve  showing  4  distinct 

plications  in  the  sinus,  and  another  indistinct  one 
on  each  side  of  it.  This  specimen  is  26  mm.  long 
and  25  mm.  wide. 

2.  Internal  impression  of  ventral  valve  showing  4  plications 

in  sinus  and  short  septum  near  the  umbo.  Entire 
length  not  shown;  but  it  is  22+  mm.  long  and  25.5 
mm.  wide.  Madison-Thompson  road,  3  miles 
south  of  Madison. 

Figs.  3-6.    Spirifer  disjunctus  Sowb.   534 

3.  Ventral  valve,  with  cardinal  angles  wanting. 

4.  Dorsal  valve  of  same  specimen  showing  hinge  area  of 

ventral  valve.  Near  the  top  of  the  Chagrin  forma- 
tion on  Chippewa  Creek. 

5.  Ventral  valve. 

6.  "Squeeze"  of  an  external  impression  of  a  dorsal  valve 

with  mucronate  extension  of  hinge  line.  Only  one 
point  is  preserved  on  the  specimen.  Both  speci- 
mens from  near  the  top  of  the  Chagrin  formation 
on  Brandywine  Creek  below  the  falls. 

Figs.  7,  8.     Reticularia  prcematura  (Hall)  Schuchert. 535 

7.  Ventral  valve  showing  concentric  ridges  and  furrows 

and  interrupted  radiating  lines. 

8.  Exfoliated  dorsal  valve  showing  same  surface  markings 

and  somewhat  indistinctly  marked  fold.  Both  spec- 
imens from  roadside,  2  miles  east  of  Trumbull 
Center. 
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Figs.  1-4.    Cyrtia  alta  Hall. 536 

1.  Internal  impression  of  ventral  valve  showing  sinus  with 

muscular  impressions,  faint  plications  toward  its 
front  and  on  the  sides,  and  sinuate  outline  of  front 
of  valve. 

2.  Cardinal  area  of  same  specimen  showing  delthyrium, 

transverse  delthyrial  plate  and  forward  inclination 
of  beak. 

3.  Partly   exfoliated   cardinal    area   of   ventral   valve    of 

smaller  specimen  showing  delthyrium  and  transverse 
delthyrial  plate.  Both  specimens  from  near  top 
of  Chagrin  formation  on  Chippewa  Creek  and 
loaned  by  Professor  Gushing  from  the  Adelbert 
College  collection. 

4.  Cardinal  area  of  ventral  valve  showing  delthyrium  and 

transverse  delthyrial  plate  with  concentric  lines. 
Hinge  area  both  vertically  and  transversely  lined. 
Madison-Thompson  road,  3  miles  south  of  Mad- 
ison. 
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Figs.  1-5.    Syringothyris  texta  (Hall)  Schuchert  var.  chemungensis  Gushing          537 
n.  var ___ 

1.  Dorsal  valve  showing  smooth  fold  and  16  plications  on 

side  of  shell. 

2.  Ventral  valve  showing  smooth  sinus  and  about  18  plica- 

tions on  side  of  shell. 

3.  Cardinal  area  of  above  specimen  curving  forward  at  the 

umbo  and  showing  delthyrium  partly  filled  by  rock. 

4.  Cardinal  area  of  ventral  valve  showing  delthyrium  and 

syrinx  toward  the  umbo.  Above  specimens  from 
Mill  Creek  north  of  Jefferson  and  loaned  by  Pro- 
fessor Gushing. 

5.  Cardinal  area  of  ventral  valve  showing  tubular  portion 

of  delthyrial  plate.    Mill  Creek  north  of  Jefferson. 

Figs.  6-9.    Amboccelia  umbonata  (Con.)  Hall  var.  gregaria  Hall 539 

6.  Internal  impression  of  ventral  valve  showing  median 

sinus. 

7.  Same  enlarged  3  times. 

8.  "Squeeze"  of  interior  of  dorsal  valve. 

9.  Same  enlarged  3  times,  showing  median  sinus  and  radi- 

ating and  concentric  lines.  Road  2  miles  east  of 
Trumbull  Center. 

Figs.  10,  11.    Alhyris  polita  Hall _._ _         540 

10.  Partly  exfoliated  ventral  valve  showing  sinus,  heavy 

concentric  furrows  and  radiating  lines.  Near  top  of 
Chagrin  formation  on  Chippewa  Creek. 

11.  Internal  impression  of  ventral  valve  showing  sinus  and 

muscular  impressions.  Trumbull  Creek,  one-fourth 
mile  south  of  Trumbull  Center. 
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Figs.  1-5.     Chonetes  minutus  n.  sp. 540 

1.  Ventral  valve,  partly  exfoliated.     X  2. 

2.  Portion  of  surface  of  fig.  1  showing  radiating  lines  crossed 

by  fine  concentric  ones.     X  10. 

3.  "Squeeze"  of  interior  of  ventral  valve  showing  1  spine. 

X  2. 

4.  Ventral    valve,    partly    exfoliated,    showing    2    spines. 

X  2. 

5.  Ventral    valve,    partly    exfoliated,    showing    3  spines. 

X  2.  Above  specimens  from  run  2  miles  south 
of  Monroe  Center. 

Fig.  6.     Chonetes  scitulus  Hall  541 

Exfoliated   ventral   valve   showing   hinge    area   and   5 
spines.       X  2.    Tinkers  Creek  at  Bedford. 

Figs.  7-9.    Productella  Ursula  Hall.  547 

7.  Ventral  valve  showing  spines  on  hinge  line. 

8.  External  impression  of  dorsal  valve  and  impression  of 

hinge  area  of  ventral  valve  with  bases  of  spines. 

9.  Exterior  of  dorsal  valve  and  showing  hinge  area  of  ven- 

tral valve  with  spines.  These  3  specimens  from 
Tinkers  Creek  at  Bedford. 

Figs.  10,  11.    Strophalosia  muricata  (Hall)  Beecher 542 

10.  Internal  impression  of  ventral  valve  somewhat  distorted. 

Stream  in  northwest  corner  of  Monroe  Township. 

11.  Internal  impression  of  ventral  valve.     Loose  block  on 

Crooked  Creek,  Hartsgrove  Township. 
The  two  following  figures  are,  doubtfully,  referred   to 
the  above  species. 

12.  Internal  impression  of  ventral  valve  showing  base  of 

2  spines  near  cardinal  angle.  Tributary  of  West 
Branch  Ashtabula  River,  western  part  of  Rich- 
mond Township. 

13.  Internal  impression  of  ventral  valve.    Tributary  of  East 

Branch  Ashtabula  River,  eastern  part  of  Richmond 
Township. 

Figs.  14-20.    Camarotcechia  cpntracta  Hall _._ 544 

14.  Internal  impression  of  ventral  valve. 

15.  Internal  impression  of  dorsal  valve.    Both  specimens 

from  Mill  Creek,  2  miles  north  of  Jefferson. 

16.  Internal  impression  of  small  ventral  valve. 

17.  Internal  impression  of  ventral  valve.    Both  specimens 

from  stream  in  northwest  corner  of  Monroe  Town- 
ship. 

18.  Partly  exfoliated  ventral  valve. 

19.  Internal  impression  of  dorsal  valve. 

20.  Front  view  of  partly  exfoliated  specimen.    Last  3  spec- 

imens from  Mill  Creek,  2  miles  north  of  Jefferson. 

Figs.  21-23.    Liorhynchus  clarkei  n.  sp 545 

21.  Partly  exfoliated  dorsal  valve. 

22.  Partly  exfoliated  ventral  valve. 

23.  Ventral  valve. 

Airsrspecimens  from  Mill  Creek,  2  miles  north  of 
Jefferson. 
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Figs.  1-4.    Liorhynchus  clarkei  n.  sp _          545 

1.  Ventral  valve. 

2.  Partly  exfoliated  dorsal  valve. 

3.  Internal  impression  of  dorsal  valve. 

4.  Partly  exfoliated  dorsal  valve. 

All  4  specimens  from  Mill  Creek,  2  miles  north  of 
Jefferson. 

Figs.  5-8.    Liorhynchus  ashtabulense  n.  sp. 546 

5-8.     Partly    exfoliated  ventral  valves.     Specimens  from  run 
2  miles  south  of  Monroe  Center. 

Figs.  9,  10.    Liorhynchus  newberryi  Hall 546 

9.     Partly  exfoliated  dorsal  valve.     Loose  in  Mill   Creek 
at  Eagle ville. 

10.  Partly  exfoliated  ventral  valve.     Run  2  miles  south  of 

Monroe  Center. 

Figs.  11-13.    Productella  hirsuta  Hall  var.  rectispina  Hall _ 548 

11.  Partly  exfoliated  ventral  valve. 

12.  Partly  exfoliated  interior  of  dorsal  valve. 

13.  Partly  exfoliated  ventral  valve. 

All  3  specimens  from'Brandywine  Creek  below  the 
fall. 
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Chagrin  Falls,  general  section  of  formations . 206 

Chagrin  Falls  sections  .___._,__ 196-206 
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